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Rapid climate change in recent decades has impacted forest, coastal, and social systems
globally. In the northeastern U.S., alterations to the seasonal timing and duration of phenology
cycles are a direct result of increasing temperatures, and monitoring these changes serves as a
valuable indicator to analyze the impacts of climate change. Furthermore, increasing
temperatures can influence when and how visitors recreate in natural landscapes. In the past
decade, outdoor spaces have seen an increase in the number of visitors, partly as a result of
climate change, that has influenced how resource managers and tourism suppliers plan for and
respond to the impacts of visitation changes. In Maine, increased visitation and usage of public
lands and coastal tourism destinations, such as Mount Desert Island (MDI), have altered the
locations and timing of when people visit and how they interact and recreate within these spaces.
For resource managers and tourism operators to successfully adapt and plan for continued
changes to phenology and park visitation it is necessary to understand (1) how increasing
temperatures will impact forests at different scales and (2) how to effectively apply both short
and long-term visitation and natural resource management plans.

Here we use an interdisciplinary approach to integrate biophysical and social science
methods to: (1) estimate forest phenology response to multiple climate variables at different
spatial and temporal scales across Maine, (2) understand resource managers’ perceptions of the
impacts of climate change and the perceived barriers to incorporating adaptation strategies into
decision-making, and (3) identify climate change impacts in Maine and develop planning
priorities for tourism operators. To accomplish these goals, we first analyzed three vegetation
phenology metrics derived from satellite imagery. We built linear mixed effects models to
identify relevant climate and environmental variables which most influence the onset of the three
phenology metrics. Using two emission scenarios, RCP 4.5 and 8.5, our results indicate that by
2100 the range of the onset of Greenup will occur 19-33 days earlier, Peak 13-21 days earlier,
and Dormancy 5 days earlier than their 16-year average (2001-2017). In addition, an online
questionnaire of 61 management personnel within the Maine Bureau of Parks and Lands
revealed that the most significant barriers to adopting effective adaptation strategies include
uncertainties of the effects of climate change, insufficient staffing, and lack of time.
Furthermore, managers observed a dramatic increase in the number of visitors to lands managed
by the PBL during 2020 as a result of the COVID-19 pandemic. Finally, to understand how some
tourism operators on Mount Desert Island, Maine, are preparing for observed changes in climate
and visitation, we conducted a series of participatory workshops and found that community
engagement and cohesive communication are key to cope with the impacts of climate change and
increased visitation.
The interdisciplinary approach used here further quantifies how climate change is
influencing the timing and duration of key phenological events in Maine and can be used to
predict how those trends will continue through the century. Our results provide insights for

tourism operators and recreation managers to prepare and adapt for continued changes to
Maine’s natural landscapes resulting from global stressors, like climate change.
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CHAPTER 1: INTRODUCTION

1.1 Statement of Problem and Background Information
In the northeastern United States, temperatures are projected to continue to increase at a
faster rate than the global average resulting in warmer, wetter summers and shorter, warmer
winters (Campbell et al., 2009; Fan et al., 2015; Karmalkar & Bradley, 2017). In the past 25
years, the annual average temperature in Maine has increased by nearly 2 °C and is predicted to
continue to increase under several different carbon emission scenarios (Jacobson et al., 2009). In
northern latitudes, increasing surface temperature has led to a lengthening of the vegetative
growing season, including an earlier onset of spring (Badeck et al., 2004; Zhang et al., 2004).
Warming over the past century has resulted in profound effects on the socio-ecological systems
of the northeastern forest region of the U.S. (Swanston et al., 2018), particularly with respect to
the seasonal timing of biophysical processes (Contosta et al., 2019; Elmore et al., 2012). Plant
phenology, the timing and variation of seasonal life cycle events, is sensitive to changes in
environmental conditions and, as such, the characterization and monitoring of long-term
phenology trends provide insight into the direct effects of warming temperatures or disturbances
on vegetative communities (Elmendorf et al., 2016; Garcia & Townsend, 2016; Parmesan &
Hanley, 2015; Schwartz, 1999). One method to observe phenological changes is to use satellite
imagery. This method allows observations across various spatial scales over the last several
decades and reveals evidence of the impacts of climate change on forest phenology in Maine.
This method can be applied more broadly to other regions and provides direct evidence of
phenological changes over time, which can be used to enhance forward projecting models of
change.
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Understanding the impacts of environmental changes in Maine is important as there is a
direct relationship amongst weather, climate, and outdoor recreation (Amelung et al., 2007;
Bigano et al., 2005). Climate directly influences outdoor recreation by affecting the number of
people willing to recreate outdoors, regulating when certain activities such as biking and skiing
can occur, and overall influencing the experiences of individuals (Richardson & Loomis, 2004;
Scott et al., 2007; Scott & McBoyle, 2007). Changes in climate, particularly warmer
temperatures, could positively influence visitation to protected areas, especially during the spring
and fall months, and may provide for favorable weather conditions to extend recreational
activities such as swimming and boating (Horne, 2020; Irland et al., 2001; Wilkins et al., 2018).
In addition, aside from the change in the number of visitors to outdoor areas, studies have found
a shift to four days earlier in peak attendance across U.S. national parks since 1979 (Buckley &
Foushee, 2012). While there are many positive benefits of a warming climate for outdoor
recreation, these shifts in recreational activities and visitation may also lead to increased
environmental and management pressures to accommodate an increase in visitor numbers during
the off-season when park staff are limited and exceed visitor carrying capacity during peak
season (Scott et al., 2007; SCORP, 2020).
Outdoor recreation provides many ecosystem and self-services, such as reducing stress,
improving one's mental health, and providing a space to exercise and feel connected to nature
(Bedimo-Rung et al., 2005; Rung et al., 2011). Further, tourism centered around outdoor
recreation was severely impacted over the past year by the COVID-19 pandemic, declared an
unprecedented global health crisis by The World Health Organization (WHO, 2020). The
pandemic forced many U.S states to impose lockdown measures, which diminished or restricted
all levels of travel due to various stay-at-home orders. The travel restrictions also included
limiting access to various outdoor settings, including protected areas such as state and national
2

parks. The loss of access to the outdoors for recreational opportunities inhibited people’s ability
to engage with natural ecosystems, along with a means to otherwise cope with stress and other
social pressures (Rung et al., 2011). However, as restrictions were eased and with continued
social distancing measures, Maine’s outdoor areas began to see a rapid increase in the number of
visitors. Even with out-of-state restrictions and the closure of the Canadian border, Maine State
Parks saw a record number of recreation visits in 2020 (Maine.gov). Overcrowding and an
increase in problematic behavior by visitors, such as littering of face masks, made it difficult to
ensure that health and safety measures were followed and resulted in the forced closure of
several Maine State Parks by state officials, according to the Maine Department of Agriculture,
Conservation & Forestry (MDAC). Projecting these observed trends into the future, it can be
expected that an increase in visitor numbers can also have adverse impacts on the natural
resources, for example an increase in foot traffic and the desire to maintain social distancing on
trails may exacerbate soil erosion, lead to an increase in off-trail use, and potentially disturb
native flora (Jacobs et al., 2021).
The COVID-19 pandemic has led to an increase in visitation across certain parks and
protected areas, which may continue even after restrictions are removed, therefore lessons and
experiences learned from this pandemic will be important to consider and implement into longterm planning of these protected outdoor areas. While COVID-19 posed many new challenges
for resource managers across Maine, there exists opportunities to engage new audiences and
provide information to build awareness among the public on how to recreate within protected
areas safely and responsibly.
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1.2 Research Aim and Objectives
Here, I use an interdisciplinary approach, applying both biological and social science
methods, to first understand how changes in seasonal climate have influenced the timing of plant
phenology throughout Maine’s forests, and second, how changes in climate, seasonality, and the
COVID-19 pandemic are influencing management decisions across Maine state parks and public
reserved lands. Ultimately this information is important for stakeholders to improve their current
and future resource and visitor management adaptation strategies and to identify potential
barriers to implementing management strategies for future changes in climate. To achieve these
goals, I address several research objectives:
1. Analyze spatial-temporal trends of forest phenology over a 16-year time period (20012017) across Maine (Chapter 2).
2. Assess the effects of climate change and other environmental variables on day of year
occurrence for three phenology metrics (Greenup, Peak, Dormancy) across Maine
(Chapter 2).
3. Develop linear mixed effects models for each phenology metric to project future changes
in day of year occurrence across Maine (Chapter 2).
4. Examine how impacts of climate change and the COVID-19 pandemic are being
experienced on the ground by Maine Bureau of Parks and Lands staff through the use of a
questionnaire (Chapter 3).
5. Explore similarities and differences of perceptions of climate change and management
strategies across groups within the Maine Bureau of Parks and Lands staff (Chapter 3).
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6. Implement a series of participatory workshops to increase the capacity of nature-based
tourism suppliers in Mount Desert Island to respond to climate change impacts that result
in locally feasible and acceptable solutions (Chapter 4).

While studies have monitored changes in phenology in Maine (e.g., MacKenzie et al., 2019;
Richardson et al., 2009), this study is the first of its kind to conduct an in-depth analysis on the
changes in forest phenology coupled with climate change on a statewide scale using remote
sensing techniques. We use both a biophysical and social approach to discover the relationship
between changes in seasonality and the resulting impacts on outdoor recreation and resource
management within Maine. Further, we gain additional insight as to how other factors such as
the COVID-19 pandemic affected ongoing management efforts, outdoor recreation, and visitor
behavior. Specifically, this research will lead to an increased understanding of how Maine’s
forests are changing in response to warmer temperatures, as well as how climate change and a
global pandemic impact the management of natural resources and visitation by agencies such as
the Maine Bureau of Parks and Lands.

1.3 Organization of Thesis
This thesis is made up of five chapters, three of which (ch.2, 3 & 4) are intended for publication
in scientific journals. This chapter has been an introduction to the problem and context for the
research.
Chapter 2, Forest Phenology in Maine: Trends and Drivers over the Past Two Decadesinvestigates how climate and environmental variables have influenced plant phenology over the
past two decades through the construction and use of statistical models. These models are then
used to predict future phenology trends across the state of Maine.
5

Chapter 3, An Examination of Factors Impacting Visitation and Resource Management
Within Spaces Managed by the Maine Bureau of Parks and Lands- draws on results from a
questionnaire of Maine Bureau of Parks and Lands staff to understand perceptions of impacts of
climate change and the COVID-19 pandemic across state parks and public reserved lands.
Barriers and ongoing adaptation strategies to address the impacts of climate change across three
groups (headquarters, state parks, public reserved lands) are discussed.
Chapter 4, Climate Change Planning in a Coastal Tourism Destination, A Participatory
Approach- presents a co-written thesis chapter with four other graduate students, which
summarizes the processes and results of a series of planning workshops with community partners
to examine and address climate change impacts and opportunities on Mount Desert Island,
Maine. These workshops focused on identifying and prioritizing climate change impacts to the
tourism system and developing planning priorities for the destination. This chapter is currently
under review in the Journal of Environmental Planning and Management.
Chapter 5, Conclusions- provides lessons and conclusions from the research and discusses
directions and suggestions for future research within the field.
These chapters contribute to our understanding of the patterns of plant phenology and
how it is being affected by changes in seasonal climate. Together, the results of my research
provide a better understanding of how climate change will continue to influence patterns in plant
phenology and how that may influence visitor and resource management in conserved lands
across Maine.
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CHAPTER 2: FOREST PHENOLOGY IN MAINE: TRENDS AND DRIVERS OVER
THE PAST TWO DECADES

2.1. Introduction
Vegetation phenology- the timing of seasonal life cycle events in plants- is a key
indicator of ecosystem functioning (Schwartz, 1999). Climate change is altering the timing of
leaf out, flowering, and leaf senescence in ecosystems around the world (Barichivich et al., 2013;
Cleland et al., 2007; Piao et al., 2019; Richardson et al., 2012; Schwartz et al., 2006). Because
phenology is sensitive to small changes in temperature, it is an indicator of vegetation response
to environmental changes and disturbances and can be used to monitor the impacts of climate
change at scales ranging from regional to global systems (Elmendorf et al., 2016; Garcia &
Townsend, 2016; Parmesan & Hanley, 2015).
A continuous satellite data record can be analyzed to track changes in phenology over
large areas and long periods of time (Elmore et al., 2012; Park et al., 2016). Satellite-based
observations provide the opportunity to observe phenology at landscape and biome scales, rather
than at the individual or species-level. Broader-scale, global observations are crucial for
understanding the implications of climate-induced changes in vegetation (Cleland et al., 2007).
In addition, using remote sensing offers long-term, continuous phenological information, which
can be made readily accessible to the user through platforms such as Google Earth Engine
(Gorelick et al., 2017).
Temperature is a key driver of many developmental processes in biology, including plant
phenology. In many cases, an increase in average temperature can accelerate plant development
(Saxe et al., 2001), thus resulting in an earlier day of year (DOY) occurrence of phenology
metrics such as the onset of vegetation Greenup. Over the past several decades, studies have
7

shown that the growing season across temperate vegetation biomes is largely influenced by
changes in temperature and precipitation. In particular, warming spring temperatures result in
trends towards earlier spring plant phenomena like flowering and leaf-out (Ellwood et al., 2013;
Jeong et al., 2011; Liu et al., 2018; Polgar & Primack, 2011; Schwartz et al., 2006; Willis et al.,
2008; Wolkovich et al., 2012; Zhu et al., 2019). Northern latitude ecosystems are characterized
by shorter growing seasons, which plants respond to by initiating growth when temperature
conditions become favorable during the spring season. Therefore, small changes in temperature
can have big impacts on vegetation development during these early season life stages (Bliss,
1962). As climate projections predict continued increase in global temperature under current
greenhouse gas emissions scenarios, monitoring trends of biological phenomena, such as plant
phenology, is increasingly important to better understand the ecological impacts caused by this
warming (Linderholm, 2006).
Forest phenology is a reliable indicator to analyze the impacts of climate change within
temperate and boreal zones (Fernandez et al., 2015; Evans & Brown, 2017; Heyder et al.,2011).
This transitional region, between temperate and boreal, is bracketed by species that are close to
the limits of their environmental range, both to the north and the south, resulting in zones that are
particularly susceptible to small changes in climate (Fisichelli et al., 2013, Goldblum and Rigg,
2010, Froelich et al., 2015). There is evidence for an overall longer growing season, particularly
an earlier spring Greenup, across temperate and boreal forests. For example, Melaas et al. (2018)
found a median change in leaf emergence by roughly 1 week over their 30-year study period
(1984 and 2013) across eastern temperate forests. The State of Maine, which at 89% is the most
heavily forested in the U.S., spans this temperate-boreal forest transition zone. Maine's climate is
experiencing rapid changes with atmospheric temperatures increasing by approximately 2 °C
since the late 1800s (Fernandez et al., 2020). Further analysis of the impacts of changes in
8

climate to Maine’s diverse forests is crucial given the state’s social and economic reliance on
these forest systems in addition to its influence on land-atmosphere carbon, energy and water
cycles, and plant-species interactions (Barr et al., 2004; Fitzjarrald et al., 2001).
In this study, we built a spatially-explicit model to identify the key climate and
environmental variables that determine the patterns of the various plant phenology metrics across
Maine. We first (1) summarized short-term trends for three key phenology metrics (Greenup,
Peak, and Dormancy) derived from the satellite record over a 16-year period from 2001-2017,
then (2) developed a model based on the climate and environmental variables that best explain
the annual DOY for each of the three phenology metrics, and lastly (3) used this model to
generate predictions of the future DOY occurrence of each phenology metric under climate
change for two different emission scenarios.
The goal of this modeling study is to understand the vegetation phenology response to
multiple climate variables and their interactions at different spatial and temporal scales. These
results provide a baseline for future, broad-scale phenology studies in which the methods and
findings from this research can be applied to other regions. In addition, this new understanding
of vegetation phenology responses will inform efforts to improve the modeling of key
biophysical properties and processes including terrestrial carbon cycling and land surface albedo
changes (Ganguly et al., 2010a; Richardson et al., 2009).
2.2 Study Site
Maine, located in the northeastern corner of the U.S., is an ideal site to examine the
impacts of climate change on forest phenology because it is situated in the transition zone
between eastern temperate forests to the south and the boreal forest to the north. On average,
Maine is warming at a faster rate than the majority of the contiguous United States (Karmalkar &
Bradley, 2017). Average winter temperatures range from -4 °C in the southern area to -10 °C in
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the more northern and interior regions of the state, while average summer temperatures range
from 21 °C in the south to 16 °C across the northern regions (Melillo et al., 2014). Maine is
approximately 91,646 km² and is made up of roughly 7.09 million ha of forested land, equating
to approximately 89% of the state’s total area (Butler, 2018; McCaskill et al., 2016). Maine is
comprised of over 55 different species of tree that make up three major forest ecotypes: (1)
Northern coniferous forests, which are primarily made up of spruce/fir forest type, (2) Northern
mixed-hardwood - dominated by maple/beech/birch forest type, and (3) oak/pine forests comprised of oak/hemlock and ash forest types (McCaskill et al., 2016). While Maine’s forests
have undergone past changes in climate, there is a clear indication of change in the timing and
duration of phenology events with recent rapidly increasing average annual temperatures
resulting in warmer and shorter winters and more extreme precipitation events. For this study, we
incorporated the biophysical regions from McMahon (1990) to consolidate Maine into a total of
seven regions of the state with similar landforms, climate, and vegetation (Figure 2.1). These
seven regions were used in further analysis to compare the variations in phenological
occurrences across the state.
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Figure 2.1. Location of study site. Here, the state of Maine (highlighted in red in the inset map)
is divided into seven biophysical regions (McMahon, 1990)

2.3 Materials and Methods
We accessed and analyzed the phenology, climate, and other environmental data
primarily using the Google Earth Engine (GEE) platform (Gorelick et al., 2017). This cloudbased platform allows researchers the opportunity to access and process a vast amount of remotesensing based imagery and data products for analytical and exploratory purposes. Because of this
large database, it is possible to quickly analyze phenological and climate data at minimal cost to
the individual. A majority of the data used within this study were acquired and pre-processed
using the GEE platform.
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2.3.1 Phenology Metrics
We extracted phenology metrics from the Terra and Aqua combined Moderate
Resolution Imaging Spectroradiometer (MODIS) Land Cover Dynamics (MCD12Q2) version 6
collection (Ganguly et al., 2010b). This collection comprises annual land surface phenology
metrics from 2001-2017 at a 500 m spatial resolution. This phenology dataset is created by
fitting Gaussian curves to the time series of the enhanced normalized difference vegetation index
(EVI) values calculated from MODIS Nadir Bidirectional Reflectance Distribution Function
(BRDF)-Adjusted Reflectance (NBAR) (Friedl et al., 2019). While the collection contains a total
of seven phenology metrics, for the purpose of this study we focused on three main metrics:
Greenup, Peak, and Dormancy (Friedl, Mark et al., 2019; Kriegler et al., 1969; Rouse et al.,
1974) as described in Table 2.1. Phenology metrics are provided as annual DOY occurrences
over the 17-year data set, with values ranging from 1-365 for each year.
2.3.2 Meteorological Variables
Variables of daily minimum and maximum temperature and total precipitation data at a
spatial resolution of 1 km were extracted from the Daily Meteorological (DAYMET) version 4
dataset. DAYMET consists of daily-gridded estimates of weather variables for North America
based on interpolation of data collected by ground-based meteorological stations (Thornton et al.,
2020). We averaged the daily weather estimates to compute seasonal averages corresponding to
Winter (Dec-Mar), Spring (Mar-Jun), Summer (Jun-Sep), and Fall (Sep-Dec) for each climate
variable; these seasonal averages were compiled for the time period 2001-2017 to overlap with
the available phenology metrics data from the MCD12Q2 land cover dynamics version 6.
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Table 2.1. Description of phenology metrics, measured in Day of Year (DOY), used in this study
derived and modified from the MCD12Q2 Collection.
SDS Name

Description

Greenup1

Date when EVI2 first crossed 15% of the segment EVI2 amplitude. Represents
the start of the vegetation growing season.

Peak

1

Dormancy1

Date when EVI2 reached the segment maximum. Represents the period of
maximum vegetation growth.
Date when EVI2 last crossed 15% of the segment EVI2 amplitude. Represents
the end of the growing season.

1

Phenology-specific units were converted from days since January 1,1970 to Julian calendar day
of year.

An evaluation of relevant literature was carried out to identify the most likely climate and
environmental variables to influence each phenology metric in Maine, including: maximum,
minimum, average, and standard deviation of temperature; total precipitation; and cumulative
growing degree days (GDD) (Zhao et al., 2013; Schwartz et al., 2006; Garcia & Townsend,
2016), in addition to environmental characteristics (Mulder et al., 2017) as listed in Table 2.2. To
capture the variability in climate conditions, we included the two seasons preceding each
phenology event in future analysis. The seasonal climate variables for Greenup included the
Winter and Spring, for Peak the Spring and Summer, and for Dormancy the Summer and Fall.
This approach allowed us to better understand how seasonal changes in temperature and
precipitation may affect the subsequent timing of each phenology metric, both in the past and
into projections of future change.
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Table 2.2. Plant growth variables used to inform each phenology model.
Growth Requirement

Variable
Minimum
Maximum

Temperature °C

Average
Standard Deviation
Accumulated Growing Degree Days
Water

Precipitation
Elevation
Distance to Coast

Site

Time Since Disturbance
Biophysical Region

GDD quantifies the accumulating heat units above a selected base temperature over a
specific period and has been demonstrated to be an important parameter in modeling vegetation
phenology (Chuine et al., 2003). Cumulative GDD were calculated by summing all positive daily
mean temperatures using 0°C as the base temperature (Tbase, Equation 1) over a specified n
number of days from the start of the calendar year (DOY = 1), for each metric. We used GDD 116
(GDD for calendar day 116, the mean date of Greenup), GDD190 (GDD for calendar day 190, the
mean date of Peak), and GDD302 (GDD for calendar day 302, the mean date of Dormancy) as the
basis for these variables.
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GDDn= ∑𝑛𝑖=0

(

𝑇𝑚𝑎𝑥+𝑇𝑚𝑖𝑛
2

) 𝑖 >Tbase

(Equation 1)

2.3.3 Variable Selection
We used the Variable Selection Using Random Forests (VSURF) function in R (Genuer
et al., 2015) to reduce the number of predictor variables for each phenology metric. The ‘Ranger’
function was selected rather than the default Random Forest algorithm due to its functionality in
handling larger spatial data. Ranger was designed to improve statistical analysis using random
forests with more efficient computing power (Wright & Ziegler, 2017). VSURF ranks the
variables in terms of their mean variable importance then creates a threshold for variable
retention. The threshold is based on the standard deviation of the variable importance where a
classification tree would split a node (L. Breiman et al., 1984; Genuer et al., 2017). Once the
selection process reaches a variable whose importance is below this threshold, the remaining
variables are removed.
VSURF consists of a three step process to reduce the number of predictor variables. First,
noisy variables are removed from the input dataset; second, low-importance or redundant
variables whose addition to the model does not reduce model error are removed; and, lastly, an
iteration of remaining variables is carried out to remove those that do not significantly reduce
model error. This process results in a final refinement of important variables to be further used
for prediction purposes (Genuer et al., 2010). All data were aggregated to the 500 m scale of the
MCD12Q2 phenology data. The seasonally averaged 14 individual climate variables and four
site-characteristic variables were then compiled into a dataset for further analysis. The VSURF
model was built using 100 trees, with seven variables for splitting, which is roughly the square
root of the total number of variables (Breiman, 2001). The final variables output from each
VSURF model was used to build subsequent models. Partial dependence plots were constructed
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using the package pdp (Greenwell, 2017) to analyze the relationship between each phenology
metric (Greenup, Peak, Dormancy) to each important variable selected with the effects of other
independent variables held at their mean value.

2.3.4 Model Implementation
We implemented a linear mixed effects (LME) approach (lme function of nlme package
in R: R Core Team 1990) to model the relationships between estimated DOY for each phenology
metric and variables identified through VSURF. In these models, DOY was the response
variable, VSURF-selected variables were treated as fixed effects in addition to year across all
models, and pixel ID was treated as the random effect across all models. Each model was
examined for normal distribution of residuals and if normality was not present, we performed a
log transformation of the dependent variable. To test model fit, we used an initial model with all
fixed effects and no random effects or interactions between variables. This model was then used
to compare other models with various random effects and interactions using the Akaike
Information Criteria (AIC). The model with the lowest AIC value was chosen as the best fit, and
additional backward stepwise selection was used to eliminate insignificant fixed effects,
specifically those that did not improve or increase the AIC value (Pinheiro et al., 1994). In
addition to assessing model AIC, we determined whether the models made ecological sense
between each dependent and response variable. P-values for fixed effects were determined using
the ‘ANOVA’ function in the car package (Fox and Weisberg, 2019) and marginal R2 values
were determined for significant fixed effects using the ‘rsquared’ function in piecewiseSEM
(Lefcheck, 2016). We generated bootstrap samples to fit each LME model to extract 95%
confidence intervals using the function bootMer in the R package lme4 (Bates et al., 2015) to
quantify uncertainty in selected models and reduce the leverage of influential observations.
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2.3.5 Future Climate Scenarios
We incorporated future climate projection data from the NASA Earth Exchange Global
Daily Downscaled Projections (NEX-GDDP) dataset to predict DOY occurrence for each of the
three phenology metrics (Thrasher et al., 2012). This dataset contains bias-corrected downscaled
climate projections from the 21 General Circulation Models conducted under the Coupled Model
Intercomparison Project Phase 5 available at a spatial resolution of 0.25° x 0.25° (~25 km). We
extracted climate variables under two emission scenarios: RCP 4.5 (medium-low greenhouse gas
emissions) and RCP 8.5 (very high greenhouse gas emissions) (IPCC, 2013). Climate variables
incorporated into the LME models were extracted from the NEX-GDDP collection within GEE.
One of the primary methods used to transform coarse spatial resolution climate data to
high resolution is through statistical downscaling Here we implemented a method of statistical
downscaling known as the “delta” method. The delta method has been widely used in
downscaling applications, particularly with climate projections (Hayhoe, 2010). The objective
was to downscale 21 of the CMIP5 climate models from the NEX-GDDP dataset, with a coarse
spatial resolution of 0.25 ° x 0.25 ° (~25 km), to DAYMET’s spatial resolution of 1x 1 km. The
delta was computed as the difference between the long-term (20-year) mean of historical NEXGDDP climate data from 1980-2000, and future NEX-GDDP projections from 2018-2099. This
delta was then added to the averaged 20-year (1980-2000) DAYMET dataset (Navarro-Racines
et al., 2020). The delta method can be described in the following steps. First, we computed 20year historical climate averages for both the NEX-GDDP and DAYMET datasets over the timeperiod (1980-2000) as shown in Figure 2.2a. Next, we compiled the future NEX-GDDP climate
projections (2018-2099) for each of the two emission scenarios, low emission scenario (RCP 4.5)
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and high emission scenario (RCP 8.5) (Figure 2.2b). We then calculated the climate anomalies as
the difference between NEX-GDDP, the future daily (2018-2099), and the historical long-term
mean climate variables (1980-2000) (Figure 2.2c). We then performed a bicubic interpolation of
the NEX-GDDP anomalies to the same resolution as the high-resolution baseline (Figure 2.2d).
Lastly, we added the interpolated anomalies to each 1 km pixel of the historical DAYMET
dataset which resulted in a final dataset consisting of future climate projections for the time
period (2018-2099) at a 1 km spatial resolution (Figure 2.2e).
We used the best-fit LME model for each metric to predict DOY occurrence over the 21st
century across the state of Maine using the downscaled NEX-GDDP climate projections. The
“predict” function in R (R Core Team 2015) was used to predict the DOY of each phenology
metric for every 1 km pixel from 2018-2099. For each metric, we conducted a regression of the
predicted mean DOY relative to year. The slope of the regression line represented the trend in
DOY change per year. Next, the trends for each metric were analyzed to explore spatial variation
of DOY occurrence in relation to the climate variables of interest.
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Figure 2.2. Overview of the delta downscale method using mean accumulated growing degree
days from the 21 CMIP5 climate models. (a) NEX-GDDP historical baseline data from 19802000, (b) Future NEX-GDDP climate projections for 2018-2099, (c) the NEX-GDDP anomalies
or delta change between future and historical climate data, (d) 1 km interpolated NEX-GDDP
anomalies, and (e) the final downscaled future climate projections aggregated to the DAYMET
climate historical baseline. Modified from Navarro-Racines et al., 2020.
2.4 Results
2.4.1 Recent Phenology Trends
The average DOY occurrence for each metric was calculated over the 16-year time period
for the seven regions in Maine at a spatial resolution of 500 m. In general, lower-latitudinal regions
such as Southern Maine exhibit an earlier average Greenup date at DOY 112 ± 13 days (Table 2.3)
in comparison to higher latitude regions such as Aroostook Hills and Lowlands; and Northwestern
Maine, which show average Greenup dates of 121 ± 13.6 and 122 ± 14.6, respectively.
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Table 2.3. The average and standard deviation day of year values for Greenup, Peak, and
Dormancy for each region over the 2001-2017 time period.
Region

Metric

Day of Year (DOY)

Calendar Date

Greenup

121 ± 13.6

1-May

Peak

193 ± 11.4

12-Jul

Dormancy

301 ± 15.8

28-Oct

Greenup

122 ± 14.6

2-May

Peak

193 ± 9.8

12-Jul

Dormancy

297 ± 16.2

24-Oct

Greenup

113 ± 14.2

23-Apr

Peak

187 ± 11.0

6-Jul

Dormancy

308 ± 15.5

4-Nov

Greenup

114 ± 15.4

24-Apr

Peak

190 ± 10.3

9-Jul

Dormancy

301 ± 15.5

28-Oct

Greenup

118 ± 17.0

28-Apr

Peak

190 ± 10.1

9-Jul

Dormancy

300 ± 15.6

27-Oct

Greenup

113 ± 18.9

23-Apr

Peak

192 ± 10.3

11-Jul

Dormancy

303 ± 16.0

30-Oct

Greenup

112 ± 13.5

22-Apr

Peak

185 ± 10.4

4-Jul

Dormancy

310 ± 13.9

6-Nov

Aroostook Hills and Lowlands

Northwest

Central Interior and Midcoast

Central and Eastern Lowlands

Central and Western Mountains

Downeast

Southern
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2.4.2. Drivers of Phenology
Each VSURF model contained a total of 18 seasonal climate and environmental input
variables and produced results that identified which climatic and environmental factors are most
influential to DOY occurrence for each of the three-phenology metrics (Greenup, Peak,
Dormancy). For Greenup, the VSURF model indicated that Growing Degree Days (GDD) and
Minimum Winter Temperature (WTMin) were the most important climate variables, and
Latitude was the most important environmental factor. For Peak, GDD and Spring Minimum
Temperature (SpringTMin) were the most significant climate variables, while Latitude and Year
were the most important environmental factors. For Dormancy, the climate variable for Standard
Deviation of Fall Temperature (FallTStdDev) was most significant, and Latitude and Distance to
Coast were the most important environmental factors. Figure 2.3 shows the prediction step, the
last step in the VSURF process, which eliminates redundancy in the set of variables for each
phenology metric.

Figure 2.3. The variable selection based on the VSURF package in R. Graphs illustrate the final
prediction step in the VSURF process, which shows the variables selected according to the OOB
error.
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It is important to recognize the inherent autocorrelation among these variables and the DOY of
each phenology metric. For example, GGD is a measure of thermal accumulation above 0 °C, so
GDD will increase as temperature increases throughout the year. Therefore, a phenological event
(metric) that occurs later in the year will inevitably be associated with higher GDD values,
regardless of its effect on determining the DOY occurrence.
2.4.3. Model Development
The best-fit model was determined based on the AIC value in addition to whether
introducing fixed effects and interactions improved overall model performance (Table 2.4). The
best-fit model for each phenology metric was used to analyze past spatial and temporal trends in
DOY occurrence. Results show that the overall length of the growing season for the state of
Maine increased over the 16-year period. However, the degree of change at Greenup and
Dormancy differed. Analysis of the temporal trends for each phenology metric shows a
significant shift toward earlier (DOY) occurrence for Greenup and Peak, and a shift towards a
later DOY for Dormancy from 2001-2017. Overall, Greenup shows a significant advancing
(earlier DOY) trend of 0.178 days·year-1 (p<0.01), which is about 3 days over the 16-year period.
Peak shows an advancing trend of 0.158 days·year-1 (p<0.01), also about 3 days earlier over the
16-year period. Lastly, we observed a delaying trend in Dormancy DOY occurrence of 0.070
days·year-1 (p<0.01), or 1 day later over the 16-year period. To better understand the dynamic
trends in phenology across Maine, we analyzed vegetation phenology at the pixel scale for
statistical significance in trends over the full time-series via a Mann-Kendall test on each metric.
Results show that the ratio of the area with significantly earlier Greenup (77%) was larger than
both that with Peak (72%) and later occurring Dormancy (55%) (Figure 2.4). Pixels with
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significant trends (p< 0.05) in Greenup, Peak, and Dormancy account for 10.8%, 8.73%, and
5.49% of the total area, respectively.
Table 2.4. Performance of linear mixed effects models. The best-fit models used in subsequent
analysis are highlighted in bold. Fixed effects are listed in the model column. All models include
a random intercept for pixel ID.
Model

Parameters
(k)

AIC

BIC

Log
Likelihood

Greenup
~GreenupGDD0+WinterTMin+Lat+Year

7

62339972 62340069

Greenup~GreenupGDD0*WinterTMin*Lat

11

62262660

62262812 31131319

Greenup~GreenupGDD0*WinterTMin*Year

11

62285594

62285746 31142786

Peak~PeakGDD0+SpringTMin+Year

6

56532004

56532087 28265996

Peak~PeakGDD0+SpringTMin+Year+Lat

7

56531954

56532051 28265970

Peak~PeakGDD0*SpringTMin+Lat+Year

8

56531946

56532057 28265965

Dormancy~FallTStdDev+Dist.Coast+Lat+Year

7

63416323

63416421 31708155

Dormancy~FallTStdDev*Year+Dist.Coast+Lat

8

63308943

63309055 31654464

Dormancy~FallTStdDev*Lat+Dist.Coast+Year

8

63406950

63407061 31703467

Dormancy~FallTStdDev*Dist.Coast+Lat+Year

8

63403539

63403651 31701762

23

31169979

Figure 2.4. Rate of change expressed in days per year for satellite-derived phenology metrics
Greenup, Peak, and Dormancy over the time period 2001-2017. Modified from Piao et al., 2019.
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Through the best-fit models we further evaluated the drivers of DOY occurrence for each
phenology metric. The Greenup LME model explained 36% (conditional R2 = 36.23) of the
variation in DOY. This variation can be further subdivided into fixed effects variation and
random effects accounting for 17% (marginal R2=17.45) of variation. The Peak best-fit model
accounted for 33.4% of the total variance, and 35.3% of variance for Dormancy (Table 2.5).
Table 2.5. Parameter estimates from the mixed-effects model for (a) Greenup, (b) Peak, and (c)
Dormancy day of year. Parameter confidence intervals were computed with a parametric
bootstrap method using the bootMer function in R package lme4.
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Partial dependence plots showed that increasing accumulated GDD and increasing
WinterTMin resulted in earlier Greenup DOY occurrence, while an increase in Latitude shows a
later DOY occurrence (Figure 2.5 a-c). Increase in SpringTMin and accumulation of GDD
results in earlier Peak DOY occurrence (Figure 2.5 d-f), while an increase in the variation of fall
temperature results in a later Dormancy DOY (Figure 2.5g).

Figure 2.5. Partial dependence plots showing the relationships of the most important variables of
Greenup (a) winter minimum temperature, (b) accumulated growing degree days (GDD), (c)
latitude; Peak (d) minimum spring temperature, (e) accumulated GDD, (f) latitude; and
Dormancy (g) standard deviation of fall temperature, (i) distance to Coast (km), (j) latitude.

2.4.2. Forecasting Phenology
To implement the long-term predictions for each phenology metric, we incorporated
future projected climate data under RCP 4.5 and RCP 8.5 to obtain linear trends per pixel in our
study area for the 2018 to 2099 time period. LME models were used to input future climate
projections to forecast DOY onset for each phenology metric.
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For Greenup, in 2099 the mean (± standard error) across all pixels under RCP 4.5 will be
19 ± 7.1 days earlier and 33 ± 7.5 days earlier under RCP 8.5 than the current observed mean
(2001-2017) DOY occurrence. By late century (2088-2099) 98% and 99% of the state will
undergo an earlier onset of Greenup under RCP 4.5 and RCP 8.5, respectively. Similarly, by
2099 the mean DOY of Peak occurrence is projected to occur 13 ± 5.2 days earlier under RCP
4.5 and 21± 5.3 days earlier under RCP 8.5 compared with the observed Peak DOY mean (20012017). By late century (2088-2099) 99% of the state will experience an overall earlier DOY Peak
occurrence under both RCP 4.5 and 8.5 scenarios. By late century (2088-2099) 61% and 62% of
the state will experience a delay in the onset of Dormancy under RCP 4.5 and RCP 8.5,
respectively. Models show a moderate delay, a later DOY occurrence, for Dormancy in
comparison to the rate of change in advancement of Greenup and Peak. Projections under both
RCP 4.5 and RCP 8.5 show DOY will occur 5 ± 3.4 days later by the end of the 21 st century in
comparison to the observed Dormancy DOY (2001-2017).
In the southern region of Maine, the average Greenup date (2001-2017) is projected to
change from late April (112 ± 13.5) to early April (92 ± 1.5) for the RCP 4.5 and late March
(81± 1.5) for the RCP 8.5 by 2099. Over this same time period, Greenup in the Central and
Western Mountains region is expected to change from late April to mid-April for the RCP 4.5
scenario and late March for the RCP 8.5. In the Northwestern region Greenup is expected to
change from early May to mid-April for the RCP 4.5 and late March for the RCP 8.5 (Figure
2.6). The difference in mean DOY occurrence for each phenology metric becomes more apparent
towards the end of the 21st century, and the rate of change profoundly increases under the RCP
8.5 emission scenario.
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Figure 2.6. Differences between future mid-century (2045-2055) and late century (2088-2099)
average day of year from the reference period of 2001-2017 for Greenup, Peak, and Dormancy
using the RCP 4.5 and RCP 8.5 emission scenarios.
Future climate projections using the downscaled NEX-GDDP dataset (Thrasher et al.,
2012) shows that under the low emission scenario, RCP 4.5, the average WinterTMin is expected
to increase 1.7 ± 2.6 °C by 2050 and 3.5 ± 2.5 °C by 2099, compared to 2001-2017 averages.
Under the high emission scenario, RCP 8.5, the average WinterTMin is expected to increase 3.5
± 2.4 °C by 2050 and 7.6 ± 2.1 °C by 2099 (Figure 2.7a). Similarly, under RCP 4.5 the average
SpringTMin is projected to warm 1.7 ± 1.5 °C by 2050 and increase by 2.9 ± 1.5 °C by 2099.
Under high emission scenario RCP 8.5, the average SpringTMin is expected to increase 2.8 ± 1.5
°C by 2050, and 5.7 ± 1.4 °C by 2099 (Figure 2.7b).
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Figure 2.7. Relative projected change in (a) minimum winter temperature, and (b) minimum
spring temperature from 20018-2099 based on the NEX-GDDP downscaled climate scenarios.
Both the multi-model means and the range of values from each of the 21 CMIP5 models are
shown.
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2.5 Discussion
In the face of ongoing climate change, it is increasingly important to better understand
the variables driving changes in the timing of phenological events across forests and other
vegetated landscapes. Here we developed a predictive model to estimate the impacts of climate
change on the timing of three phenology metrics (Greenup, Peak, Dormancy) as observed from
remote sensing data. Results show that minimum winter and spring temperatures in addition to
accumulated GDD are the most influential factors related to changes in DOY occurrence for
Greenup and Peak, while variation in fall temperatures influence Dormancy. Based on our
findings, the early season metrics Greenup and Peak are expected to advance more drastically
over time compared to the end of season metric, Dormancy. Our results indicate that under the
RCP 8.5 future climate scenario, the onset of Greenup may occur 33 days earlier, Peak may
occur 21 days earlier and Dormancy may occur 5 days later compared to historical means by the
year 2099. Based on our model predictions, we may expect to see an extension of the overall
vegetation growing season by 38 days by the end of the 21st century, which may have significant
impacts for agricultural (Fernandez et al., 2020) and forestry industries (Soucy et al., 2020), in
addition to implications in the carbon cycle (Jeong et al., 2011; Salinger et al., 2005). These
changes in climate are expected to continue to influence both the natural landscapes and those
who manage and recreate within them (Ewert, 1991). For example, warmer temperatures may
provide more favorable conditions for certain outdoor activities (e.g., hiking, swimming,
camping), causing a shift in the timing of visitors, which will furthermore impact how resource
managers adapt and respond (Wilkins et al., 2018).
Plant phenology is well documented as being a sensitive indicator to changes in the
climate and studies show that average warming temperatures are affecting the timing of
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phenological events across the northern hemisphere over the past several decades (Cleland et al.,
2007; Friedl et al., 2014; Parmesan & Yohe, 2003; Richardson et al., 2013). Our results show
strong positive responses to early season metrics, Greenup and Peak, suggesting that warming
temperatures influence DOY occurrence for these metrics, which has been observed in numerous
other studies (Cleland et al., 2007; Penuelas & Filella, 2001). In addition, accumulated GDD is
influential for both Greenup and Peak, which emphasizes the importance of thermal
accumulation as an influential of early season vegetative growth (Fu et al., 2015; Hänninen &
Kramer, 2007; Peaucelle et al., 2019; Richardson et al., 2013). Remote sensing phenology
datasets indicate that the GDD required for vegetation Greenup decreases with increasing
latitude in the Northern Hemisphere (Fu et al., 2014; Jenkins, Braswell, Forlking, & Aber, 2002),
which is consistent with the general findings in our study showing a decrease in total GDD
accumulation at higher latitudes in Maine. However, these results may vary at the species level, a
factor that was not addressed in this study due to the coarser resolution of the data and models.
Our Dormancy prediction model suggests that the standard deviation of fall temperature is
expected to decrease under future climate scenarios. This result is supported by Huntingforf et
al., (2013) in which they suggest a gradual decrease in temperature variability in response to
increasing atmospheric greenhouse gas emissions. A study by Friedl et al., 2014 found that leaf
Greenup within the northeastern U.S. occurred roughly two weeks earlier than the average in the
years 2010 and 2012 due to an unseasonably warmer than average spring in these two years. This
result demonstrates the strong influence that warming spring temperatures can have on early
season phenology metrics across the eastern temperate forest ecoregion.
The rate of change for the delay in DOY occurrence of Dormancy is less pronounced in
comparison to the early season metrics, Greenup and Peak, which suggests that there are other
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variables that control Dormancy that were not captured within this study (e.g., frost, moisture
conditions, drought, photoperiod) (Xie et al., 2015). Past studies show that while Dormancy
plays a vital role in determining the length of the growing season, the climatic driving
mechanisms associated with Dormancy are not as well understood within the forest ecosystem in
comparison to early season metrics such as Greenup (Jeong et al., 2011; Richardson et al., 2013).
Our findings show that random forest modeling can be used for determining influential
climate variables of vegetation phenology in order to make future predictions on a large spatial
scale. Results presented here highlight the importance of understanding the specific
environmental cues that drive phenological responses when forecasting phenology over the
coming decades. This study provides detailed predictions for the causes of phenological shifts in
this particular forest system. Importantly, our results indicate that additional research is
necessary to better understand the implications of ongoing climate change on global vegetative
landscapes.
The conditional R2 across all three metrics of interest ranged from 33-36%, indicating
that the climate variables selected from the VSURF model only partially explained the variation
in phenology across Maine and over time. Because vegetation phenology is a complex biological
process, it is influenced by a number of other factors such as forest type, disturbance history, and
water and nutrient availability (Wolf et al., 2017; Sigurdsson, 2001; Peñuelas et al., 2004; Fu et
al., 2014). We chose to focus on temperature within this study since it is shown to be a dominant
driver of plant phenology (e.g., Chuine et al., 2013; Zhang et al., 2004). It is also important to
consider that phenological events are interconnected and that a change in the onset of one could
trigger a “chain reaction”, and strongly influence the timing of the subsequent phase. Therefore,
one needs to consider the direct and indirect environmental cues influencing plant phenology (Fu
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et al., 2014; Hänninen & Kramer, 2007). Many studies highlight that plants in different
geographical locations will develop diverse phenological traits to adapt to the local environment
(Caffarra & Donnelly, 2011; Lessard‐Therrien, Davies, & Bolmgren, 2014). Overall, the impacts
of photoperiod and precipitation on leaf phenology and the complex interactions among different
environmental factors are still not widely understood (Basler & Körner, 2014). Our study
restricted the analysis to the constraints of temperature on Greenup, Peak, and Dormancy,
without explicitly considering the potential impacts of photoperiod, water and nutrient
availability, and chilling requirements. Additional work is needed to fully understand the
additional environmental controls of forest phenology within Maine.
The limitations in building a predictive model over a large study area is that the diversity
of individual plant species and their responses to changes in climate are not easily accounted for.
Incorporating remote sensing-based techniques to monitor phenology can capture large scale
trends in comparison to on-the-ground techniques (Gray & Ewers, 2021). However, species- and
community-level changes are not well captured and understory vegetation within forests are
often overlooked (Tuanmu et al., 2010). Here we analyzed phenology and climate trends at 500
m and made predictions at a 1 km spatial resolution. Results may differ depending on the spatial
resolution of the remote sensing data used in the analysis, along with other factors such as the
source of data, and cloud and shadow noise that can interfere with the accuracy and availability
of data collected via satellite (Pouliot et al. 2011). Fine-scale resolution data may result in a more
accurate assessment of changes in phenological events across large-scale landscapes in
comparison to coarse-scale spatial data, but there are tradeoffs in memory limits and processing
times for model computations.
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In addition to climate change, it is also important to consider the various types of land
cover present in the state of Maine and how these could change over time. The accuracy in
detection of phenological changes across Maine’s forests are influenced by vegetation types and
are best estimated within deciduous forests where changes in greenness are more pronounced
and easily detected in satellite imagery (Hmimina et al., 2013; Melaas et al., 2013). However,
due to the spatial resolution of the dataset and the diverse plant communities across Maine, we
chose to include all available pixels within our study region. This approach may have had some
influence on the accuracy and variation in phenology trends over space and time. Within our
study we did not limit our data to only include pixels which were entirely deciduous, therefore
there is the presence of evergreen forests within our analysis. While seasonal changes in
greenness within these mixed-evergreen forests are subtle, they may dampen the phenological
signal in remotely sensed data (Hmimina et al., 2013; Moulin et al., 1997; Peng et al., 2017;
Zhang et al., 2006). Furthermore, croplands and agricultural areas tend to show slight differences
in phenological patterns, such as earlier Greenup in comparison to surrounding vegetation, due to
the influence of human management (Zhang et al., 2006). This component of land management
and its influence on large-scale phenology will be an important factor to consider in future
studies.
2.5.1. Prospects for Future Research
As the average annual global temperature is expected to continue to increase, specifically
across the northeastern United States, the phenological patterns of temperate forests are likely to
continue to change in response. A better understanding of the magnitude and timing at which key
phenological metrics will respond to warming temperatures and more extreme climate events is
critical to predict how these ecosystems are likely to change in the future (Augspurger, 2013;
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Hufkens et al., 2012). Model-based studies are an effective method to be able to more fully
understand how ecosystems will respond to both long-term warming, as these changes could
potentially alter the timing of other biotic and abiotic processes such as plant-pollinator
interactions and the regional and global carbon cycle, water cycle and energy fluxes (Xiao et al.,
2009). The phenology projections that we developed, as well as the identified climate variables
influencing plant phenology across Maine, already provide a general basis for planning and
decision making about future climate impacts on vegetation communities.
2.6 Conclusion
This study accomplished our main goal of building multiple phenological models based
on variables selected using a decision tree modeling technique. This model was able to identify
the climate variables important to forest phenology in Maine from the data used and use these
variables to make future predictions across the state. Random forest modeling is a very efficient
and accurate method for determining the value and importance of variables across a large
landscape. The ability to quickly identify the climate variable influencing the timing of
phenology can serve as an important management tool to better inform and indicate the effect
changes in climate are having on a given landscape, which can be of importance to stakeholders
(e.g., resource managers, researchers, foresters) who require easily accessible and interpretable
information relevant to their specific management goals (Kemp et al., 2015). Models that predict
changes in the timing of phenological events are important as warming atmospheric temperatures
are expected to continue to affect the phenological processes of vegetation across mid to highlatitude ecosystems. Through our methods, we show the success of a rapid assessment of
changes in vegetation phenology using low-cost methods, which can then be applied directly to
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inform ongoing management practices (e.g., visitation, forestry), as well as inform forest-based
communities as well as the public of the impacts of changes across frosted landscapes.
The results of our study suggest that changes in climate are causing an advancement in
the timing of Greenup and Peak as well as a slight delay in the timing of Dormancy across much
of Maine. These results suggest the applicability of phenology models at the landscape level and
the feasibility of applying these models to reconstruct and predict vegetation phenology. Within
our study we did not validate remotely sensed phenology data with ground-based observations,
therefore this type of ground truthing will be critical to incorporate in future research to gain
better understanding of large-scale vegetation phenology. In this study we demonstrate that
relatively simple variants of widely used phenology models can significantly improve simulation
of Greenup, Peak and Dormancy metrics within temperature-sensitive ecosystems. These results
provide a deeper understanding as to how changes in climate, specifically warming temperatures,
influence the timing of key phenological processes across Maine’s forests, which can be of
importance to inform ongoing management practices (i.e., forestry, natural resources, visitation)
and conservation of these natural landscapes.
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CHAPTER 3: AN EXAMINATION OF PERCEPTIONS OF IMPACTS OF GLOBAL
CHANGES ON VISITATION AND NATURAL RESOURCE MANAGEMENT IN
MAINE

3.1 Introduction
Protected areas and outdoor spaces offer cultural, recreational, and economic benefits that
positively impact human physical and mental health (Eagles et al., 2002). In addition, protected
areas provide jobs and an economic benefit to numerous local communities (Lundmark et al.,
2010). Given the high reliance of outdoor recreation activities on favorable conditions, changes
in climate and weather can influence recreationist selection of destinations to visit, activities to
pursue, and timing of travel (De Urioste-Stone et al., 2015; Scott et al., 2009). Within the
northeastern, U.S., and overall northern latitudes, increasing average temperatures may lead to an
extended length of the summer season, which in turn provide more favorable weather conditions
resulting in a potential extension of the summer tourist season, which may have additional
environmental, economic and social impacts (Badeck et al., 2004; Zhang et al., 2004; Leung &
Marion, 2000). As visitation to public land areas increases and recreation opportunities diversify,
it becomes important for natural resource managers to plan for and adapt to these ongoing
changes. To accurately assess changes in climate, selecting useful climate indicators is critical to
informing decision making. Effective climate indicators to quantify the impacts of climate
change include any hydrological or biological variables (e.g., temperature, precipitation), which
can be monitored both at a local and national spatial scale (Hayhoe et al., 2007; Klos et al.,
2015).
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Within the past 25 years the annual average temperature in Maine has increased by nearly
2°C and is predicted to continue this trend if carbon emissions are not reduced in the future
(Jacobson et al., 2009). Furthermore, in the northeastern U.S., including Maine, temperatures are
projected to increase more rapidly than other areas in the contiguous U.S., which is expected to
result in an increase in the frequency of droughts, extreme weather events, frequency of
wildfires, forest pests and diseases, reduced snowpack as well as wetter summers, and shorter
and warmer winters (Karmalkar & Bradley, 2017; Fernandez et al., 2020; Karmalkar & Bradley,
2017; Solomon, 2007; U.S. Climate Change Science Program, 2008). With global warming
trends are predicted to continue or accelerate in the coming decades, areas traditionally visited by
tourists because of desirable climates may undergo a shift poleward as travelers avoid extreme
warm events and other unfavorable weather conditions (Fisichelli et al., 2015; Gössling et al.,
2012; Maddison, 2001). Changes in climate can impact the types and quality of recreational
opportunities across seasons, which may cause a shift in the timing of tourist visitation to Maine
(Wilkins & De Urioste-Stone, 2018; Wilkins et al., 2018; Horne et al., 2021). If not addressed,
these shifts in peak visitation will result in management problems resulting in a strain on
resources and staffing in recreational areas such as state parks (Fisichelli et al., 2015; Manning &
Powers, 1984; Wuebbles et al., 2017). Already, Maine state parks have expressed concern over
the lack of available resources to cope with shifts in the timing and increase in total annual
visitation (Maine SCORP, 2020). Thus, it is important to understand the potential changes in
visitation (i.e., numbers, timing of travel, recreational activities pursued, and visitor markets
attracted) related to climate change by examining past visitor trends and considering the impact
of forecasted changes (Fisichelli et al., 2015).
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Effectively responding to climate and visitation-related impacts to Maine’s public lands
may require the use of adaptation initiatives that are locally relevant and financially feasible.
Adaptation efforts aim to prepare for and respond to changes that have already occurred and are
likely to occur in the future (Jantarasami et al., 2010). Resource managers are increasingly aware
of the need to incorporate climate-change adaptation efforts across Maine’s protected lands;
however, the limited resources, built capacity, and/or lack of information of specific adaptation
strategies are often barriers to implementing adaptation strategies (Lawler et al., 2010; National
Research Council et al., 2011). To help resource managers integrate adaptation strategies to
address changes in climate into management decisions, locally relevant information can be made
available, along with examples of strategies that have been effective to address the impacts of
climate change in parks and protected areas. For example, one adaptation strategy that can be
used to address the impacts of increasing intensity in flooding on visitation, is the building of
larger road culverts (O’Toole et al., 2019). In addition, preparing for future increases in visitation
due to changes in the onset of seasons, resource managers can engage in collaborative planning
and data-sharing with outside organizations to better address the best practices for recreation
planning within a continuously evolving environment (NOAA, 2010). For example, communities
that rely on winter recreation have begun to incorporate adaptation strategies to adapt to warming
winter temperatures such as the adoption of new technology-- like snow making to sustain the
skiing season--or developing new recreation products such as making trails available for
mountain biking in winter (Bicknell & Mcmanus, 2006; Dawson & Scott, 2010; Keage, 1990;
Scott & McBoyle, 2007). However, even when relevant information is readily available, there
are significant barriers, such as lack of knowledge as to how to interpret and incorporate
scientific information about changes in climate and effective adaptation strategies into decision
making, which can impede progress in adaptation (McNie, 2012; Moser & Ekstrom, 2010).
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Further, climate change is just one of many stressors influencing human action and ecological
processes; therefore, to continue to ensure that outdoor recreation remains a significant economic
and social component in Maine, addressing the impacts of climate change within a larger context
of stressors is critical for effective management decisions (Kareiva, 2008; Wilbanks, 2003).
In this study, we aim to better understand Maine Bureau of Parks and Lands (BPL) staff
perceptions of (1) the impacts of climate change within Maine’s protected lands, and (2) changes
in visitation and resource management resulting from climate change. In addition, the study
explored staff climate change knowledge, type of climate change information used in
management, and information needs that could support long-term management decisions. To do
this, we used a survey instrument to assess BPL staff experiences with climate change in Maine
State Parks and Public Reserved Lands, current adaptation strategies used and barriers to
adoption, climate change information needs, and impacts of other stressors (i.e., COVID-19
pandemic) on visitation and resource management. Ultimately, information collected via
questionnaires can support identification and prioritization of management actions that could be
considered when planning for future impacts on park visitation and natural resources as a result
of climate change in Maine.

3.2 Methods
3.2.1 Study Site
Given the vast natural assets and the importance of outdoor recreation, the State of
Maine, U.S., is an ideal site to examine the impacts of climate change on tourism (Vail, 2007).
Maine is made up of roughly 17.6 million acres of forested land, equating to approximately 89%
of the state’s total area (Butler, 2018; McCaskill et al., 2016; Maine SCORP, 2020). Maine’s
climate and diverse natural assets (i.e., 5597-km coastline and the United States’ most forested
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state), attracts millions of travelers yearly, to experience not only the culture, but outdoor
recreation opportunities such as hiking, camping, and “leaf peeping” (Vail et al., 2019). From
May-August of 2019, The Maine Office of Tourism (MOT) recorded 9.9 million visitors to the
state, compared to 6.7 million recorded in 2020 during the COVID-19 pandemic (MOT, 2020).
Protected lands are important in the provision of tourism and outdoor recreation attractions. The
Maine BPL, which is a division within the Maine Department of Agriculture, Conservation, and
Forestry, manages State Parks and Public Reserved Lands throughout the State (Figure 3.1). The
agency oversees 2.83 million ha of public land, public reserved and non-reserved lands, which
are categorized by type of use: outdoor recreation, management and protection of wildlife
habitat, and timber harvesting (Maine.gov). In addition, 34897 ha make up Maine’s 48 State
Parks (i.e., 12 historic sites, 34 parks, 2 river corridors), which are managed specifically for
recreation and conservation purposes (MDOC 2000).
Increases in visitation across Maine State Parks are expected during the peak summer
months, but also across the shoulder seasons (spring and fall) (Fisichelli et al., 2015; SCORP,
2020). Over the past five years, Maine State Parks have seen a steady growth in overall visitors,
with a 10% increase in the average day use attendance between 2014-2018 (SCORP, 2020). In
2020, the Maine BPL recorded 2.7 million day-use visitors, which was a 3% increase from 2019
records (Maine.gov). Public lands saw a record number of visitors in 2020, with visitation to the
Deboullie recreational areas in northern Aroostook County, reporting a 40% increase in visitors
from the previous year (DACF, 2020). Further, according to the Maine Department of
Agriculture, Conservation and Forestry (DACF), the COVID-19 pandemic further impacted
visitation patterns while setting record-high recreation visits to State Parks in 2020.
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Figure 3.1. Location of the State of Maine within the continental US; lands managed by
the Maine Bureau of Parks and Lands are highlighted by management type, (State Parks
and Public Reserved Lands).
3.2.2 Survey Design and Sampling
The research objectives for this study are: (1) To measure BPL staff experiences,
perceptions, and strategies used to respond to climate change, and (2) To compare and contrast
perspectives across different groups of resource managers within the BPL that could be useful
when considering and implementing future natural resource and visitation management strategies
given climate change and COVID-19 impacts. An online questionnaire was developed and
implemented using Qualtrics, to collect information on BPL staff experiences with climate
change and its impacts on resources, effects of the pandemic on visitation, and perceptions of
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natural resource and visitation management in light of climate change. We requested input from
a member of the BPL and members of my advisory committee in the development of the
questionnaire. To reduce measurement error, the instrument was pretested by eight participants
who have had prior experience in survey development, climate change, tourism and recreation,
and resource management fields. Changes were made to the instrument based on feedback
provided by participants who pre-tested the questionnaire.
To increase the response rate, we relied on a gatekeeper to invite potential participants to
respond to the questionnaire (Bartholomew & Smith, 2006; Dillman et al., 2014; Joinson et al.,
2007; McKenna & Main, 2013). The BPL gatekeeper sent the initial email invitation (Appendix
B) to staff notifying them about the questionnaire, its goals, and the potential benefits to their
organization; the email included a link to the online questionnaire. The questionnaire was first
distributed on April 27, 2021. A follow-up reminder email (Appendix C) was sent one week after
the initial email to further increase the response rate (Dillman et al., 2014) as prior research has
shown that the number of contacts, personalized contacts, and pre-notifications are instrumental
to achieving higher response rates (Andrews et al., 2003; Cook et al., 2000). The questionnaire
was set to close on May 7th, 2021; however, participants were given until May 10th, 2021 to
complete any partial responses in progress. By using this recruitment method, participants were
able to anonymously share their perceptions about and experiences with shifts in visitation,
impacts of climate change, and management activities to adapt to changes in climate. The
questionnaire consisted of thirty-nine questions broken down into multiple-choice, Likert scales,
select all that apply, and open-ended formats. We incorporated only a few open-ended questions
so as not to overwhelm participants, while eliciting additional in-depth responses to allow the
participants to share their own understandings and experiences related to the topic (Dillman et
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al., 2014). We used a purposive sampling strategy to recruit potential participants, targeting
managers and resource specialists within the Maine BPL. Purposive sampling, also referred to as
judgement sampling, is a technique which can be applied when one is interested in learning
information from a specific sample or group of individuals (Emmel, 2013). We intentionally
sought a range of participants with different primary duties, responsibilities, and decisionmaking authority to obtain a cross-section of perceptions about climate change impacts and
current management strategies across the various types of managed lands (e.g., state parks,
public reserved lands). The questionnaire accommodated responses from three groups based on
land management type and location of work. The three groups included: planners and managers
who work at the Headquarters Office; Public Reserve Lands managers, and State Park managers.
Of the 132 individuals who received the survey, 61 participants completed the survey for a 46%
response rate. Respondents included 27 State Parks staff (44%), 16 representing Public Reserved
Lands (26%), and 18 working in the Headquarters office (30%).
3.3 Survey Measures
The questionnaire (Appendix A) was organized into four general sections: (1) social and
environmental factors influencing work within the BPL, (2) the impacts of climate change and
COVID-19 on visitation and natural resource management activities, (3) climate change
adaptation strategies and the barriers faced to address the impacts of climate change, and (4)
socio demographic factors (e.g., age, gender). The first section asked questions about personal
concerns regarding multiple social and biophysical factors that they believe are most important
to their work. Participants were first asked to select all the factors (e.g., budget, climate change,
COVID-19 pandemic, politics, staffing and visitation) that had affected their work within the last
five years, followed by a ranking of the top three factors that most impacted their work. The
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instrument also asked participants to rate how important climate change is within the context of
their personal responsibilities and the general work of the Maine BPL using a scale from Not
important at all (5) to Very Important (1). This set of initial questions allowed us to gain a
general understanding of factors considered most important and of greatest concern to BPL staff.

3.3.1 Observed Changes in Seasonality and Impacts on Visitation
The second section of the instrument included a series of questions aimed to understand
how Maine BPL personnel perceive the impacts of climate change across the state. We compiled
a comprehensive list of 27 metrics, of which included 10 direct climate metrics (i.e., changes in
seasonal temperature and precipitation) as well as 17 indirect metrics (i.e., changes in frequency
of forest fires, drought, pests, increase in tick population, increase in forest pests) which spanned
the past 5 to 20 years, if applicable (Klos et al., 2015; Soucy et al., 2020). We used a 4-point
Likert-scale to measure the frequency of each of the 27 metrics observed which ranged from
Never to Frequently. An “Other (please specify)” option was included for participants to write in
additional changes they have observed that were not included in the list provided. Further, the
questionnaire elicited perceptions of how 16 direct and indirect changes could impact visitation
levels within lands managed by the BPL; the response scale included three options: More
Visitors, No Change, Fewer Visitors.
3.3.2 COVID-19 Impacts
Section two of the questionnaire included a combination of multiple-choice, ranking, and
open-ended questions to better understand the impacts that the COVID-19 pandemic has had on
visitation and natural resource management efforts and expected short-term impacts. Participants
were asked to select from a list of 10 potential impacts of COVID-19 on visitor management that
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they foresee within state parks in the summer of 2021; an “Other (please specify)” option was
included to allow participants to share additional impacts they anticipate. Further, participants
were asked to rank the level of change in number of visitors within BPL lands since the start of
the pandemic, with six options ranging from A Slight Decrease to A Dramatic Increase in
Visitation. Further, participants were prompted to respond to the open-ended question “Since the
start of the COVID-19 pandemic, have you noticed other changes within Maine State Parks?”.
Finally, the questionnaire elicited information on the impacts of the pandemic on efforts by the
BPL to manage climate change. All participants were asked the same set of questions; however,
the wording was tailored to best suit the field of work for each group of participants. We
compared and contrasted experiences with and impacts of climate change and COVID-19 on
visitation and resource management amongst each of the three groups of respondents.
3.3.3 Management Strategies and Observed Barriers to Adaptation
The third section included a series of questions to learn about the Maine BPL’s current
natural resource management strategies being conducted across protected lands as well as the
barriers that have inhibited progress to adapt to the impacts of climate change. Participants were
asked to select from a list of six options (i.e., improved meteorological forecasts, workshops for
staff, locally relevant climate change projections) they thought would be most useful to better
manage the impacts of climate change on BPL lands. Using previously tested scales (Jantarasami
et al., 2010; Luers & Moser, 2005), the questionnaire prompted respondents to select from 15
internal and external barriers to BPL’s management efforts to prepare for the impacts of climate
change, such as lack of access to relevant information, lack of time, insufficient funding from
state agencies to prepare plans, uncertainty of the effects of climate change, and lack of staff
training. To answer these questions, participants were asked whether they considered each to be
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a Big Barrier, Not a Barrier, or a Small Barrier. It is important to understand how BPL staff are
perceiving barriers to climate change adaptation, as these perceptions themselves can limit or
hinder climate change adaptation action (Adger et al., 2007).
3.3.4 Information Sources for Planning and Socio-demographics
Participants were also asked to select from a list of climate scientists (i.e., within the BPL,
a university, government agencies in Maine) that they currently communicate with; for all the
options selected, they were further prompted to write out the specific source. Participants were
also given the option to write in their own responses, if necessary, under “Other (please
specify)”. An option for “I have not consulted with climate scientists” was also included.
The final section of the survey consisted of six socio demographic questions (i.e., gender,
age, education, professional background). The questionnaire included a final open-ended
question to allow participants to share any additional thoughts they felt were important regarding
the impacts of climate change on visitation and natural resource management, or to add any
thoughts not previously addressed via de instrument.
3.4 Analysis
We conducted all statistical analysis using the Statistical Package for the Social Sciences
(SPSS) 27.0 (Armonk, NY: IBM Corp.). Descriptive statistics were used to estimate central
tendency and spread of responses per question. We tested for normality using the Shapiro-Wilkes
test (Shapiro & Wilk, 1965), and our survey data was found to be non-normally distributed.
Each variable was examined and compared across each of the three groups of participants
(headquarters, public reserved lands, state parks). A Kruskal-Wallis test was used to test for
differences across respondent groups, with a p-value set at 0.05 for significance (Kruskal &
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Wallis, 1952). In the case of a significant difference, a post hoc Dunn’s test was performed for
pairwise comparisons of the three groups (Dunn, 1964).
3.5 Results
3.5.1 Socio-demographics
As shown in Table 3.1, the majority of participants were male (74%), while 17% were
female. The 40–60-year age range had the highest number of respondents (n=29, 54%), while the
18-24 age range had the fewest number of participants (n=2, 4%). There was a wide range of the
total years worked for the Maine BPL, with 20% having worked for the agency between 6–10years, 19% had 0-5 years of work, and 19% for 26 or more years. When asked what the highest
level of education received was, 48% of participants had earned a 4-year degree, 19% had earned
a Master’s degree, and 11% earned a 2-year degree. Staff and personnel within our sample come
from a variety of professions within the Maine BPL with 21% in operations, 19% in forestry,
15% in land management, 5% in education and directors, 3% in outdoor recreation planning, 2%
in land use planning and in recreational vehicle programs, with the remaining 29% from other
fields as shown in Table 3.2, which included park ranger, historic site manager and grant
manager, maintenance, and research.
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Table 3.1. Socio-demographics of survey respondents.
Variable

Gender

Response Option

Number of
Responses

Percent

Male

40

74%

Female

9

17%

Other

1

2%

18-24

2

4%

25-39

7

13%

40-60

29

54%

60+

12

22%

High school diploma or GED

1

2%

Some college

4

7%

2-year degree

6

11%

4-year degree

26

48%

Professional degree

4

7%

Master’s degree

10

19%

Doctorate

1

2%

0-5

10

19%

6-10

11

20%

11-15

5

9%

16-20

10

19%

21-25

7

13%

26 +

10

19%

Age

Highest level of
education

Years worked for
Maine BPL
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Table 3.2. Respondents by primary position.
Position

Frequency (n)

Percent

Outdoor recreation planner

2

3%

Land manager

9

15%

Operations

13

21%

Educator

3

5%

Director

3

5%

Recreational vehicle programs

1

2%

Forester

12

19%

Land use planner

1

2%

Other*

18

29%

Total

62

100%

3.5.2 Factors Impacting Work of the BPL in the Past 5 years
Participants were asked to select all factors, from a list of six options, which have
affected their work within the BPL over the past 5 years. Most participants selected COVID-19
(N=52), Staffing (N=47), Budget (N=45), and Politics (N=38) (Table 3.3). Participants were then
asked to rank the top three factors that have most affected their work; the majority of participants
ranked Staffing (74%), Budget (72%), and COVID-19 (55.6%) as shown in Table 3.3. These
two questions allow us to gain insight as to all potential factors affecting BPL staff day-to day
tasks.
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Table 3.3. Top three most important factors within participant’s work within the BPL
Factor

Frequency
(n)

Percent

COVID-19

52

96%

Staffing

47

87%

Budget

45

83%

Politics

38

70%

Visitation

34

63%

Climate Change

32

60%

Staffing

40

74%

Budget

39

72%

COVID-19

30

56%

Politics

18

33%

Visitation

12

22%

Climate Change

4

7%

All factors that have affected
your work within the BPL...

Top 3 factors that have had the
greatest impact on your work...

3.5.3 Importance of Climate Change
On average, participants ranked climate change as somewhat important (M=3.28) to their
individual work, and important (M=2.62) to the general work of the BPL (Table 3.4). We found
no significant difference across headquarters (M=3.17), public reserved lands (M=3.71), and
state parks (M= 3.11) when asked how important climate change is within their individual work
H (2) =2.902, p=.234. Only 23% of those in headquarters answered that climate change was
important within their individual work, compared to 14% of public reserved lands, and 11% of
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those in state parks. There was a significant difference amongst the three groups as to how
important climate change was to the overall work of the Maine BPL H (2) = 6.403, P= .041.
There was a significant difference, H (1) =5.690, P=.017, as to how important climate change
was to the work the BPL conducts between Public Reserved Lands (M=3.14, 29%) and
Headquarters (M=2.08, 39%). No statistically significant difference was found between how
public reserved lands and state park participants ranked the level of importance of climate
change to the work of the BPL H (1) =2.662, P=.103, and no significant difference was found
between headquarters and state parks for the same question H (1) =2.021, P=.155. Results show
that there is a difference as to how participants ranked the importance of climate change, with
30-32% of respondents selecting climate change to be “somewhat important” or “important” to
the general work of the BPL, compared to 20-35% of respondents selecting climate change to be
“Of little importance” or “Somewhat important” to their personal work. This shows participants
generally ranked climate change to be of greater importance to the work of the BPL compared to
their personal work.
Table 3.4. Importance of climate change within participants' individual work and the
general work of the BPL organized by group.
(reported as mean values where 1=very important to 5=not important at all)
Variable

All
Respondents
Mean (N)

Headquarters
Mean (N)

Public
Reserved
LandsMean (N)

State
Parks
Mean
(N)

Importance of
climate change is
within their
individual work

3.28

3.17

3.71

Importance of
climate change is
within the work
of the BPL

2.62

2.08

3.14

52

H

p-value

3.11

2.90

.234

2.59

6.40

.041

3.5.4 Observed Changes in Seasonality and Impacts of Climate Change on Visitation
We explored and analyzed participants' responses over two time periods (5 and 20 years)
to reflect on changes that were observed by level of frequency (Figure 3.2). Over the past 5 years,
the most frequently observed changes included: increase in tick populations (54%), changes in
duration of winter season (43%), and changes in seasonal temperature (41%). In contrast, over
the past 20 years, the most frequently observed changes included: increase in tick populations
(32%), changes in duration of winter season (28%), and changes in forest health (24%). Overall,
in the past 5 to 20 years, impacts such as increases in tick populations, changes in the duration of
winter season, and changes in forest health were the most frequently observed changes, while
impacts such as changes in the severity of forest fires and timing of peak campground use are
amongst those less frequently observed across both time periods. Impacts such as changes in the
timing of plant flowering and changes in operational season were only most frequently observed
in the past 5 years, by 2% and 6% of participants, respectively.
In addition, participants were asked a follow up question as to how observed changes in
seasonal climate would affect visitation within lands managed by the BPL over the next 10 years
as shown in Figure 3.3. Changes in temperature were the top three impacts most participants
selected that they believed would result in more visitors. Those included increases in: average
summer temperature (N=36), duration of high temperature events (N=31), and frequency of high
temperature events (N=31). Participants selected that increases in mosquito populations (N=31),
changes in timing of fall foliage (N=31) and increase in severity of droughts (N=29) would result
in no change to the number of visitors to land managed by the BPL. Further, increases in tick
populations (N=27), changes in winter snowpack (N=21), and winter thaw events (N=19) would
lead to fewer visitors over the next 10 years.
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Figure 3.2. Frequency of climate change experiences observed over 5 years (purple) and 20
years (yellow).
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Figure 3.3. Climate change impacts and participants’ perceived effects on visitation: more
visitors (green), no change (blue), or fewer/less visitors (yellow), across state parks and public
reserved lands over the next 10 years.

3.5.5 Information Sources for Planning
One of our goals was to better understand the sources of information being used by
participants to increase their knowledge about climate change and its impacts. To test this, we
asked which sources participants had consulted with about climate change (if any). A majority of
public reserved lands (79%) and state parks participants (59%) had not previously consulted with
any climate scientist, while 39% of those in headquarters had not sought out information from
experts (Figure 3.4). In addition, 39% of those in headquarters had consulted with climate
scientists within the BPL, 15% of those in state parks had consulted with other government
agencies, and 7% of those in public reserved lands had consulted with other state foresters.
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Figure 3.4. Sources of climate change information consulted by each group reported as a
percentage of the total respondents.
3.5.6 COVID-19 Impacts
According to participants, the COVID-19 pandemic has had a significant effect on visitor
numbers to BPL lands (Table 3.5). Of the 54 total respondents, 76% and 86% noticed a dramatic
increase in the number of visitors across state parks and public reserved lands, respectively.
Table 3.5. The impact of the COVID-19 pandemic on visitors/recreationists within state parks
and public reserved lands.
Variable

Public Reserved Lands

State Parks

A dramatic increase

86%

76%

A slight increase

5%

5%

A dramatic decrease

0%

3%

A slight decrease

0%

8%

No change

0%

5%

I don’t know

0%

3%
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Further, when prompted to select factors of concern about the impacts of the pandemic on
visitor management across state parks and public lands in summer 2021, 80%(N=43) selected
limited personnel, followed by 70% (N=38) who selected both visitor health and staff safety
(Table 3.5). Three participants selected the “other” option, and listed concerns like “having
visitors with limited outdoor experience” and “politics”. Multiple participants also expressed
concerns with changing visitor behaviors and patterns as a direct result of the COVID-19
pandemic. In describing changes in visitor behavior and expectations of services, a participant
from Public Reserved Lands wrote:
“..an increase in visitors who are not knowledgeable in the conditions they are/will
be put in while visiting Maine Public Lands. Big increase in out-of-state visitors to
more remote parts of the state. These visitors often have higher expectations of the
accommodations/situations they will be in while visiting these areas.”
This statement addresses the challenges faced by personnel within the Maine BPL
in dealing with changes in visitor behavior and an increase in visitation to public lands
throughout the pandemic. Participants were asked to further describe additional effects of
the pandemic towards ongoing management efforts. Several participants described
experiencing a shift in management priorities and resources with the start of the COVID19 pandemic, as well as an increase in use and demand of public facilities and changes in
visitor demographics and behavior. As one participant from state parks described, the
pandemic has affected funding, visitation levels, and staffing:
“Covid 19 has affected the state parks financially and has increased our visitor
use. Funding has always been lacking for State Parks and the parks continue to
have a back log of work that need to be done. As well as equipment that needs to
be replaced in order to run the park and provide a quality experience for visitors.
The pandemic has driven our public use way up and created a longer tourism
season. Which is not a bad thing. The issues are under paid staff, lack of staff
positions, and limited season lengths.”
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These statements reflect the many challenges experienced by Maine BPL personnel
throughout the COVID-19 pandemic when dealing with the management of increased visitor
numbers, primarily associated with limited funding and staffing capacity. While the pandemic
further strained already limited staff and resource capacity, participants also recognized a silver
lining in which a longer tourism season may not necessarily be negative. Finally, 42% of
headquarters, 86% of public reserved lands, and 38% of state parks participants expressed that the
COVID-19 pandemic had not affected their efforts to manage for the impacts of climate change.
Table 3.6. Factors of concern across state parks and public reserved lands for the upcoming
summer season in terms of visitor management given the COVID-19 pandemic.
Factor

Frequency
(n)

Percent

Limited personnel to support
visitor management

43

80%

Staff health

38

70%

Visitor safety

38

70%

Visitor health

36

67%

Negative impacts to park
facilities

36

67%

Staff safety

35

65%

Overcrowding

34

63%

Negative effects on natural
resource protection

26

48%

Decrease in visitor
satisfaction

19

35%

Lack of staff financial
resources

19

35%

Other

3

6%
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3.5.7 Management Strategies and Perceived Barriers to Adaptation
When asked how participants personally think the Maine BPL should respond to the
impacts of climate change, 44% (N=24) believed that the agency should consider all potential
climate related impacts into their decision-making processes, while 4% (N=2) expressed that the
BPL should wait to make any changes until more relevant information is available at a local level
(Table 3.7). We then compared these responses across each of the three groups. There were no
significant differences across groups in terms of how the Maine BPL should respond to the
impacts that result from climate change H (2) = .041= .98.
Table 3.7. Statements which best describe how participants think the Maine BPL should respond
to the impacts of climate change across each group (headquarters, public reserved lands, state
parks) reported as percentage of respondents.
All
Respondents
(%)

Headquarters
(%)

Public
Reserved
Lands (%)

State
Parks
(%)

Should consider all
potential climate
related impacts

44%

46%

36%

48%

Should prepare
only for the most
likely climate
scenario

17%

15%

29%

11%

Should take actions
for our benefit
regardless of
whether or not
climate change
occurs

15%

23%

14%

11%

Should wait to
make any changes
until more relevant
information is
available

24%

15%

21%

30%

Variable
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From a list of potential barriers to climate change adaptation within the BPL, 57% of
public reserved lands, 31% of headquarters, and 11% of state park employees selected
‘uncertainty of the effects of climate change’ (Figure 3.5). Insufficient staffing was selected as a
barrier by 59% of those in state parks, 54% of those in headquarters, and 36% in public reserved
lands.

Figure 3.5. Barriers to manage for the impacts of climate change across each group
(headquarters, public reserved lands, state parks) reported as percentage of respondents.

When asked about the most useful tools to manage the impacts of climate change, 77%
(n=9) of those in headquarters selected ‘workshops for staff and locally-relevant climate change
projections’ (Figure 3.6). Sixty-four percent (n=9) of those in public reserved lands answered
that ‘additional training for staff and better interpretation of relevant science for decision
making’ would be most useful, while 59% (n=16) of those in state parks selected ‘locally
relevant climate change projections as the most useful tool to better manage climate change
impacts.
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Figure 3.6. Respondents’ selection of each of the most useful tools that can be adopted to better
manage for the impacts of climate change.
Lastly, participants were asked to share additional insights about the challenges and/or
needs for preparing for the effects of climate change. Several respondents commented on the need
for more locally scaled concrete data that can be incorporated into management decisions to more
effectively show the relevant impacts of climate change. Several participants highlighted the lack
of sufficient staffing and resources to account for a longer tourism season and more people
recreating outdoors as a result of changing climatic conditions:
“There is little "hard" information available for Forester's to consider in making
plans for long term forest species changes with climate change. Our approach
seemingly has been to manage for all current species as conditions are now, and
hoping the forest is resilient enough to be viable with changes over time. ...which
is not a horrible strategy, but perhaps we could do better with more information.
(Forester in Public Reserved Lands)”
“From my perspective of working in the field. We are seeing earlier springs,
warmer falls, and warmer winters. Which is extending the tourism season. This
creates a challenge when our seasonal staff is gone and our limited year round
staff is stretched to cover the "off-season". The off season is disappearing
especially in southern Maine. This results in less time for policy enforcement and
may take away from other visitor experiences. Also as more people visit we spend
more time patrolling and less time on park upkeep. As the climate continues to
61

warm staffing levels will need to change or the quality of our conserved areas will
suffer and so will the visitor experience. (Park Ranger in Maine State Parks)”
“If we had data to show how the Bureau has been affected at present, that might
be more successful in demonstrating the true effects of climate change. Showing
that issues exist and representing that info as a way to get things moving.
(Forestry and recreation, Public Reserved Lands”
Some participants noted that although climate change is only now becoming a concern
within the BPL, there is a need for relevant or informative data to support ongoing management
efforts while preparing and informing staff of anticipated future changes. Participants also
emphasized that certain barriers staff are experiencing need to be acknowledged, such as lack of
funding and staffing, before they have the capacity to make progress adopting coping strategies
to respond to the impacts of climate change.

3.6 Discussion
We surveyed three groups (headquarters, public reserved lands, state parks) within the
Maine BPL to compare their experiences and understandings in managing and preparing for the
impacts of climate change across Maine’s public lands. In addition, we explored the impacts and
challenges that the COVID-19 pandemic has presented to a range of Maine BPL management
personnel as well as anticipated impacts in the near future. The questionnaire also assessed the
measures the Maine BPL implements to address the current and future impacts of climate
change. We found that 36% of participants answered that climate change was only somewhat
important within their work; these results compare to the findings by Rodriguez-Franco & Haan
(2015) who found that 32 and 61% of forest service resource managers felt climate change was
“somewhat important” or “not too important” at their district level, respectively. These
differences in the perceived level of importance of climate change at the individual level may
arise as managers may not perceive climate change as an immediate threat or risk to their own
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work or well-being, thus may not pose as important of an issue as it is emphasized at the
organizational level (Bord et al., 1998). Effective management will require flexible and proactive
approaches that account for potential climate change impacts that can include tools such as
scenario planning, which allows managers to brainstorm and prioritize management decisions
based on a broad range of potential risks and impacts (Star et al., 2016; Maier et al., 2016). We
also found that while participants understood the importance of managing for the impacts of
climate change, there are barriers that hinder the ability to best manage for future changes
(Lachapelle et al., 2003; Rodriguez-Franco & Haan, 2015). Similar to findings from other studies
(e.g., Cobb & Thompson, 2012; Cruce and Holsinger 2010; Schmoldt & Peterson, 2000), BPL
resource managers are beginning to implement strategies to anticipate the impacts of climate
change, such as improved communication through workshops and prioritization of actions.
However, as with previous research, respondents mentioned facing challenges to adaptation due
to lack of relevant information (Lachapelle et al., 2003) and other barriers such as lack of time
and resources (e.g., Kemp et al., 2015, Mozumder et al., 2011). These insights are important to
consider especially since the Maine BPL has emphasized the importance of prioritizing projects
to address the implications of climate change within the State Comprehensive Outdoor
Recreation Plan (SCORP, 2020). By understanding the views and concerns of their personnel,
recognizing the need for relevant climate data, and identifying current obstacles to management,
the Maine BPL could increase the effectiveness of their ongoing management activities.
Climate change will continue to impact the forests and landscapes of Maine and alter
important ecosystem services such as outdoor recreation, and timber production, all of which are
integral to local communities and economies (Colgan & Merrill, 2008; Horne et al., 2021; Soucy
et al., 2020). Therefore, how agencies such as the Maine BPL respond to the impacts brought by
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global changes like climate change and the COVID-19 pandemic has an influence on the
effectiveness of natural resource and visitation management in protected spaces. Several studies
have emphasized that seasonal changes and an increase in temperatures may lead to an extension
of the visitation season and a rise in the number of visitors to outdoor spaces (Amelung et al.,
2007; Fisichelli et al., 2015; Scott et al., 2007). For example, a study by Jones & Scott (2006)
projected a greater increase in visitation across six of Ontario’s provincial parks during the
shoulder season months (April-June, September-November), compared to summer months under
future climate change. However, these same areas may eventually exceed their visitor carrying
capacity--number of visitors that can be effectively accommodated in an area without causing
significant negative impacts to natural resources and/or the experience of other visitors (McEvoy
et al., 2008; Zelenka & Kacetl, 2014). Visitor capacities in parks are highly dependent upon the
infrastructure, natural resources, visitor behaviors, and staffing available (Maine Department of
Agriculture, Conservation and Forestry & Maine Land Use Planning Commission, 2010). In
addition, uncertainty of local impacts of climate change, access to relevant scientific information,
and lack of support (e.g., financial), can impede the implementation of effective natural resource
and visitor management strategies in light of climate change (Jantarasami et al., 2010;
Lachapelle et al., 2003). A recent study that surveyed personnel from the U.S. Forest Service and
Bureau of Land Management in the northern Rocky Mountains region (Kemp et al., 2015), found
that factors such as a focus on short-term planning, lack of time, lack of specific funding for
climate change adaptation projects, politics, information accessibility and applicability were
perceived as the greatest barriers to preventing resource managers from making any strides in
reducing the negative impacts from a changing climate. A survey of Forest Service resource
managers conducted by Rodriguez-Franco & Haan (2015) found that funding was a major barrier
to address climate change issues within forest ecosystems in the western U.S. Similarly, in our
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study we found staffing, budget, and COVID-19 to be the top three factors that have had the
greatest impact on staff from headquarters and state parks, over the past 5 years. Participants
from public reserved lands ranked budget, politics, and staffing as the top three greatest impacts
to their agency’s work. Management support tools, such as scenario planning (Cobb &
Thompson, 2012; Mahmoud et al., 2009; Peterson et al., 2003) and structured decision-making
(Gregory et al., 2012), can support managers in developing and prioritizing actions that account
for uncertainty of future impacts and reflect on their institutional capacities. However, available
data on the impacts of climate change are only effective if the scale or resolution of the
information falls within the context of the managers’ decision-making frame (Dilling & Lemos,
2011). This concern was highlighted by participants in our study who noted that locally-relevant
climate change projections and datasets are necessary to aid in managing the impacts of climate
change on a local level.
Despite prior reports that highlight the impacts of climate change on local and global
scales (Fernandez et al., 2020; IPCC 2018; MCC STS. 2020), the knowledge as to how to
implement locally relevant climate data is often lacking (Swanston & Janowiak, 2012; Soucy et
al., 2020). Adaptive approaches that reflect emerging and anticipated climate change impacts
will be needed and will involve an interactive process of ongoing monitoring to reflect ongoing
changes on the system of interest (Bradford et al., 2018). As evident in our questionnaire results,
observations such as increases in tick populations, changes in the duration of winter season, and
the magnitude of these changes varied considerably over the span of 5-20 years, thus
highlighting the need and challenges in accessing and incorporating current climate information
to ensure the effectiveness and relevance of ongoing management strategies (Horne, 2020). State
agencies that manage natural resources and visitation, such as the Maine BPL, are increasingly
considering climate change impacts in their management plans. Consistent with previous
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findings (Archie et al., 2014; Feldman & Ingram, 2009; Swanston & Janowiak, 2012), some
participants in our study expressed that they should consider all potential climate change impacts
while others answered that they require additional information at a local level to be able to
incorporate changes in climate into their management efforts.
Furthermore, the COVID-19 pandemic produced unprecedented impacts to BPL lands
that exacerbated strains on staff’s capacity to manage for increased visitation, while addressing
changes in visitor behavior, increased pressure on natural resources, and placed additional stress
on already limited financial resources and infrastructure. Similarly, rapid increases in visitation
to U.S. national parks have put a strain on available infrastructure and facilities as well as shifted
management priorities of park staff to focus solely on visitation, instead of other activities
(Miller-Rushing et al., 2021). Changes in visitor demographics, recreation behavior, and
increases in the number of visitors may be a challenge presented by the pandemic which may
likely persist; therefore, it is important for managers to consider these barriers and potential
opportunities as well as the possibility of future pandemics in their long-term planning
(McGinlay et al., 2020; Salama, 2020; Volenec et al., 2021).
3.6.1 Limitations and Future Research
While this study was focused specifically on the state of Maine, the methods and results
of this survey can be valuable and relevant to resource managers across the U.S and abroad that
are experiencing increasing impacts of climate change on visitation and recreation to public
lands. Future research could explore experiences and perceptions of respondents from other state
and federal agencies, non-profit organizations, and private companies providing outdoor
recreation opportunities to generate a more robust understanding of perceptions of climate
change impacts. In addition, more research is needed on the causes of visitor behavior when
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recreating outdoors as a result of the COVID-19 pandemic (Rice et al., 2020). Another important
factor to consider is that this study was implemented during a global pandemic, which may have
influenced participants' responses and priorities. Further research could incorporate a postpandemic survey data to explore if ratings and rankings vary once other non-pandemic priorities
emerge, while also gaining an additional understanding of the factors influencing natural
resource and visitor management decisions within the Maine BPL. A post-pandemic survey
could further inform whether or not management priorities and the perceptions of climate change
importance have shifted.

3.7 Conclusions
Outdoor recreation across Maine’s public lands is in a constant state of change resulting
from changing visitor demographics and increased demand for outdoor travel experiences,
impacts of climate change, and most recently by the COVID-19 pandemic. These factors are
contributing to increased visitation to and changes in visitor behavior within natural areas and
have impacted BPL’s natural resource and visitor management efforts. The results from this
study can help inform agencies such as the Maine BPL, about the most frequent and urgent
climate change issues that may need to be addressed, tools and resources that could be most
valuable and effective to address visitation and resource management in a changing environment,
and the barriers to adoption of strategies to effectively manage visitors and natural resources
going forward. In addition, impacts of the COVID-19 pandemic addressed such as an increase in
visitation, changes in visitor behavior, limited staffing and resources, and shifts in management
priorities and the associated effects on the natural landscape, emphasize the need for flexible and
proactive management strategies to aid in ongoing visitor and resource management. Given the
economic importance of tourism and outdoor recreation to Maine’s public lands and local
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communities, this study serves as a basis to understand pressing issues affecting state parks,
identifies locally-relevant adaptation strategies and tools, and examines barriers to adaptation
that may hinder/facilitate the management of natural resources and recreation services into a
changing future.
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CHAPTER 4: CLIMATE CHANGE PLANNING IN A COASTAL TOURISM
DESTINATION, A PARTICIPATORY APPROACH
4.1 Introduction
4.1.1 Climate Change, Visitation, and Tourism Supplier Adaptation
Nature-based tourism destinations face many challenges and opportunities caused by
climate change, especially the difficulty of accommodating shifts in visitation patterns. Tourism
is a growing, global industry that is especially important in supporting economic development in
rural areas (Dong et al. 2013; UNWTO 2020). Nature-based tourism relies on natural features to
bolster tourism and outdoor recreation activities. This reliance on environmental features makes
nature-based tourism destinations especially at risk to the impacts of climate change. In
particular, coastal areas are one of the most vulnerable types of tourism destinations due to the
ecological and socio-economic impacts of sea level rise, extreme weather events, flooding,
saltwater intrusion, erosion, and ocean acidification (Jarratt and Davies 2020; UNWTO 2016;
Wong et al. 2014). As a result of climate change, tourism destinations will also experience
changes in visitation patterns (Gӧssling et al. 2012; McCreary et al. 2019). Climate affects the
timing, length, and quality of tourism seasons, which influence visitor destination selection,
activity participation, the timing of visits, and spending (Perry et al. 2018; UNEP 2009; Wilkins
et al. 2018). Climate change will have differential impacts across tourism destinations, with some
destinations experiencing increased visitation, especially summer destinations in traditionally
cooler climates, while others may experience declines (Fisichelli et al. 2015; Gӧssling et al.
2012; Maddison 2001). Therefore, nature-based coastal tourism suppliers (e.g., restaurants,
hotels, tourist operators, etc.) will have to manage for uncertain climate impacts to natural assets
as well as changes to the flow of visitors upon which they rely.
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The ability of tourism suppliers to anticipate and respond to changes and uncertainties
impacts destination success (Hopkins and Becken 2014). Successful tourism development is a
function of how well supply meets demand, and matching supply and demand is a continuous,
dynamic process (Formica and Uysal 2006; Gunn and Var 2002). However, tourism planning
requires suppliers to make decisions under high levels of uncertainty as climate change will
result in complex ecological and social impacts (Gössling and Hall 2006; Weaver 2011).
Misalignments between visitor demand and supplier products and services can result in negative
visitor interactions, a decline in visitation over time, and negative impacts to tourism suppliers’
livelihoods (Gunn and Var 2002). Better predicting and anticipating shifts in visitation patterns
and visitor demands as a result of climate change can help tourism suppliers proactively respond
to changing visitor expectations and behaviors, helping them provide high quality tourism
experiences that also generate economic development (Amelung and Moreno 2012).
Responding to climate change involves adaptation and mitigation initiatives within
tourism destinations. Through proactive management, tourism suppliers can offset climate
change impacts that may negatively affect visitors, suppliers, and residents within the destination
(Atzori, Fyall, and Miller 2018). Management strategies have the potential to alleviate visitor
concerns (e.g., issues of safety, access, quality of experience, etc.), improve visitor satisfaction,
and enhance the overall appeal of the destination (Jarratt and Davies 2020). Adaptation refers to
adjustments in responses to actual or perceived climate change impacts in an effort to alleviate
harm or take advantage of opportunities (Oppenheimer et al. 2014). Local adaptation strategies
account for context-specific conditions (e.g., economic, social, environmental) that often lead to
tangible results and policies that benefit the greater community (Pickets et al. 2012; Tribbia and
Moser 2008). Mitigation refers to reducing greenhouse gas emissions or enhancing greenhouse
gas sinks (Oppenheimer et al. 2014). While mitigation efforts are critical for reducing
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greenhouse gas emissions, adaptation actions are also necessary to cope with the current and
future impacts of climate change at a local scale.
Despite increasing climate change awareness and concern among tourism suppliers,
climate change adaptation and mitigation strategies are not always implemented (Saarinen et al.
2012). Many tourism suppliers recognize their risk from climate change; however, inaction is
common due to a variety of reasons, such as not perceiving immediate action as necessary, not
knowing how best to address climate change, or not having the resources to adapt to such a longterm, psychologically distant phenomenon (Gifford 2011; Horne, De Urioste-Stone, and Daigle
in review; Mushawemhuka et al. 2018; Saarinen et al. 2012; Tervo-Kankare 2018; Trawöger
2014). Some studies have also found that business owners believe adaptation and mitigation are
the responsibility of the government or other organizations rather than tourism suppliers (Miller,
Megen and Buys 2012; Hoogendoorn, Fitchett, and Grant 2016; Mushawemhuka, Rogerson, and
Saarinen 2018); however, there are few policies in place to address climate change within the
tourism industry (Jarratt and Davies 2020). It is important for tourism suppliers to overcome
barriers that prevent proactive adaptation and mitigation to be able to ensure destination success.
4.1.2 Participatory Workshops for Climate Planning
Participatory planning workshops can serve as a resource to overcome barriers to
proactive management and increase tourism supplier capacity to anticipate and respond to
climate change related impacts. Participatory planning refers to activities that build on existing
plans and/or actions based on stakeholder needs, concerns, and perceived risks (Galvin 2019).
Local stakeholders are at the center of the participatory planning process and play a key role in
shaping the trajectory of planning efforts (Galvin 2019). A collective, participatory approach to
address climate change can result in system-wide management initiatives, community
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development, and collaboration necessary to inform decision-making, especially under situations
with high uncertainty (Brandt et al. 2017; Chen, Xu, and Lew 2020; Kim and Kang 2018).
Stakeholder participation in climate change planning increases the likelihood that decisions are
locally appropriate, accepted more readily by local actors, and include diverse set of values,
needs, and perspectives (Bonzanigo, Giupponi and Balbi 2016; Chevalier and Buckles 2013;
Khadka et al. 2020).
Local stakeholders’ ability to adapt to and mitigate climate change depends on their
understanding of key issues, short and long-term impacts, and their level of involvement in
developing strategies to cope with the effects of climate change (Ross et al. 2015). Participatory
approaches involving municipal, local, and/or community stakeholders can lead to increased
understanding of climate change impacts, increased networks of collaboration and ownership of
the planning process, co-produced knowledge, and diverse, locally relevant management
solutions (Bonzanigo, Giupponi, and Balbi 2016; Kim and Kang 2018; Lepy et al. 2014; LopezMarrero and Tschakert 2011; Moser and Ekstrom 2011; Ross et al. 2015). Workshops as a
participatory method provide an opportunity to build and strengthen relationships amongst
stakeholders who are engaged in a common goal or purpose, such as climate change (Bartels et
al. 2012). Gauging stakeholder knowledge and centering adaptation efforts around key concerns
can better connect local actors to adaptation actions, thereby increasing their successful
implementation (Lopez-Marrero and Tschakert 2011). Despite being called upon to launch
climate change planning efforts, local governments and municipalities are rarely engaged with
participatory processes to accomplish these measures (Khadka et al. 2020; Lopez-Marrero and
Tschakert 2011; Moser and Ekstrom 2011). Our work seeks to address this gap by using a
collaborative approach to workshop planning whereby the research team jointly developed
participatory climate change planning workshops with community partners.
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While previous participatory workshops have taken place in our study area, ours was the
first to focus specifically on climate change impacts related to visitation with tourism suppliers.
We sought to move beyond traditional power structures and engage with community partners as
collaborators, rather than subjects to be studied (Clark 2020), to co-design workshops addressing
climate change impacts on the tourism system on Mount Desert Island (MDI), Maine, USA.
Through this collaboration, we co-created a series of participatory workshops to increase tourism
climate change planning capacity on MDI. We sought to engage with, address, and identify
community goals, concerns, and tourism planning priorities in order to support successful and
community driven climate change planning.
4.2. Methods
4.2.1 Study Area
MDI is located along the central coast of Maine and includes Acadia National Park
(ANP) (Figure 4.1). The destination encompasses approximately 60,000 acres and includes the
small village-towns of Bar Harbor, Tremont, Mount Desert, and Southwest Harbor. Due to the
scenic coastline, tourism activities, and ANP, MDI is one of the most highly visited destinations
in Maine. In 2017, ANP recorded 3.5 million visitations, with the majority between June and
October (NPS 2019). Popular recreational activities on MDI include trekking/hiking, walking,
bicycling, camping, horseback and carriage riding, sea kayaking, and canoeing (SCORP 2020).
Due to MDI’s economic reliance on nature-based tourism attractions, climate change
impacts will likely result in changes to visitor behaviors, including shifts in visitation timing,
destination selection, and activity participation. MDI will experience increasing annual
temperatures and precipitation, increasing extreme weather events, rising sea levels, and a higher
incidence of tick-borne diseases (CDC 2020; Fernandez et al. 2020). As a result of warming
temperatures, summer and shoulder season (e.g., spring and fall) visitation is expected to
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increase on MDI (Fisichelli et al. 2015). Increased visitation and human disturbance in coastal
areas can result in negative impacts on natural vegetation and wildlife (MDIFW 2015), as well as
traffic congestion, budgeting and staffing concerns, and erosion in high-use recreation areas (Star
et al. 2015); however, warmer summer temperatures may increase revenue for local businesses
as increased temperatures have been associated with a 5-13% rise in tourism-related spending
(Wilkins et al. 2018).
The success of workshops often depends on previous climate change adaptation work and
stakeholder knowledge and experience with local impacts (Pickets et al. 2012). Our workshops
build on past and existing climate change efforts and local experiences while providing a novel
focus on MDI as a tourism system. The tourism destination of MDI includes many stakeholder
groups, including residents, local businesses, municipal officials, non-profit organizations, and
the National Park Service (NPS). While many of these local actors rely on tourism, we focused
on tourism suppliers for these workshops given their critical role in addressing climate change
impacts and ensuring tourism supply meets demand. Multiple initiatives related to climate
change planning exist in the area, many of which were spearheaded by A Climate To Thrive
(ACTT), a non-profit climate change planning and mitigation organization on MDI. Other
groups, like the Bar Harbor Climate Emergency Task Force, and ANP have contributed to
climate change communication and planning efforts, especially as they relate to the ecological
impacts of climate change. Our workshops provided a unique opportunity for tourism suppliers
to discuss climate change impacts as they relate specifically to tourism on MDI, incorporating
ecological and social changes.
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Figure 4.1. Study area showing Mount Desert Island, with town boundaries and Acadia National
Park boundaries (green).

4.2.2 Workshop Overview
During the workshops we sought to facilitate the (1) identification and prioritization of
local climate change impacts to tourism on MDI, and (2) discussion of potential planning
priorities related to adaptation and mitigation. The research team collaborated closely with a
small group of community planning partners to develop and refine our workshop framework. We
recruited community partners based on our relationships with tourism suppliers,
recommendations from these contacts, and targeted outreach to different stakeholder groups to
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ensure diverse representation on the planning team. Workshop planning commenced in January
2021 with regular Zoom meetings to discuss and refine appropriate workshop goals and
activities, discuss barriers to implementation, and develop a participant recruitment plan.
Community partners recruited workshop participants through existing listservs (e.g., Chambers
of Commerce), and local media outlets (e.g., newsletters, newspaper, social media). We used
different recruitment strategies to reach members from a variety of tourism stakeholder groups so
that multiple perspectives and experiences were represented during the workshops. The number
of participants at each workshop, excluding the research team, varied between 9 and 11 (though
participation at both workshops was encouraged, not all participants were able to attend the two
days). Participants included business owners (3), ANP staff (4), non-profit representatives (2), a
town official (1), and a climate scientist (1). We held two half-day workshops, one week apart, in
the spring of 2021. We hosted the workshops virtually via Zoom and recorded upon consent
from participants. The first workshop sought to develop and prioritize a list of local climate
change impacts to tourism on MDI. The second workshop was designed to build upon topics
discussed at workshop 1 to generate and evaluate adaptation and mitigation planning priorities.
Topics and activities for each workshop are listed in Table 4.1.
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Table 4.1. Overview of workshop objectives and activities completed by workshop participants
over two days.
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Creating a shared understanding of climate change builds stakeholder capacity to address
related impacts (Pickets et al. 2012). Thus, we began our workshops with a presentation on
climate change impacts on MDI, including effects on the environment and tourism industry
identified through relevant literature and previous tourism research conducted in the study area
(e.g., Birkel and Mayewski 2018; Fernandez et al. 2020; Fisichelli et al. 2013; Horne 2020;
MCDCP 2019; Star et al. 2015). We also incorporated a round robin activity that allowed
participants to share their observations and experiences related to climate change; this activity
contributed to the shared understanding of climate change by the group. Understanding the
potential impacts of climate change to the tourism system on MDI and related stakeholder
concerns is necessary to begin identifying planning priorities and adaptation and mitigation
strategies. We created an initial list of local climate change impacts from the literature and
participants’ experiences. In small breakout rooms, using a modified nominal group technique
(NGT) (Delbecq et al. 1975), participants added impacts to the initial list.
The lists generated in the breakout groups were compiled into one comprehensive list
during a full-group session where participants were further able to clarify their ideas. We
facilitated two dot voting exercises on a shared Google document to identify (1) impacts that
were top concerns and (2) impacts that could most easily and immediately be addressed by MDI
tourism suppliers. Dot voting is a method to narrow down and prioritize multiple choices in
which participants are allocated a number of votes, or dots, that they have to assign to their top
choices (Gray, Brown, and Macanufo 2010). At the end of the dot votes, the impacts with the
most votes were the ones that participants considered to be the highest priority and the most
readily addressable.
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The purpose of workshop 2 was to develop and prioritize locally relevant planning
priorities to address the climate change impacts identified in workshop 1. Using the ranking from
workshop 1, participants brainstormed specific strategies and planning priorities that addressed
the identified climate change impacts. Breakout groups shared their ideas in a full-group
discussion, resulting in a collective list of potential planning priorities. For each planning
priority, participants identified specific actions that would need to occur, along with community
resources, strengths, and barriers to implementation. The modified list of priorities provided
topics to focus the discussion on developing feasible planning options by considering available
resources and existing barriers (Matasci et al. 2014). Participants used dot voting to rank the
priorities that needed to be addressed immediately (or were most pressing), while taking
strengths and weaknesses into consideration. Participants also identified those that they would
like to continue working on as a way to establish common interests and potential working groups
moving forward. These activities resulted in a list of locally relevant, feasible planning priorities
to address the top climate change concerns to tourism on MDI.
4.2.3 Data Analysis
Artifacts collected from the workshops were synthesized and analyzed using both
qualitative and quantitative tools. Artifacts included collaborative Google documents, Google
form free-write outputs, dot vote results, and recordings. We used word clouds to visually
explore word frequencies and recurring ideas related to participant experiences with climate
change on MDI. We analyzed dot vote results in Excel to determine the highest ranked priority
concerns and planning priorities (Delbecq et al. 1975). For text artifacts and recordings, we
identified key ideas using qualitative coding to better interpret the results in participants’ own
words (Miles, Huberman, and Saldana 2020).
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4.3. Results
4.3.1 Day 1: Identifying and Ranking Local Climate Change Impacts
Participants identified climate change impacts and opportunities to MDI’s tourism system
through multiple rounds of small and large group discussions. Some impacts identified in
breakout groups were condensed or separated during the full-group discussion. For example,
participants listed increasing visitation as a result of higher average annual temperatures but
decided to include an additional impact to address shifts in the timing of visitation, offering a
more nuanced understanding of the management challenges and opportunities facing tourism
suppliers. Impacts and opportunities fell into six broad categories: (1) increasing heat and
temperatures, (2) changes to precipitation and water resources, (3) changes to flora and fauna, (4)
unpredictability of impacts, (5) changes in visitation, and (6) human impacts from climate
change and increased visitation.
Using two dot votes, participants ranked the impacts according to what they believed
were the most significant concerns or opportunities related to the tourism system, and that they
were most readily able to address (Table 4.2). The top impacts included increasing visitation, the
opportunity to model sustainability, seasonal shifts in visitation, increasing pressure on housing,
and fire risk in summer, respectively. Participants ranked the impacts that were the easiest to
address as the opportunity to model sustainability, infrastructure supporting island access,
increasing visitation, changing patterns of winter outdoor recreation activities, and increasing
pressure on housing availability and land use, respectively.
There is overlap between the impacts identified as top concerns and those that could be
easily addressed. The top two impacts, as well as main topics of conversation, were changes in
visitation patterns and modeling sustainability in MDI’s tourism system. The discussion about
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changes in visitation patterns included increasing visitor numbers, shifts in the timing of
visitation (i.e., seeing more visitors during shoulder seasons), and changing visitor behaviors
(i.e., selecting different recreation sites and/or activities). Modeling sustainability emerged from
participants’ desires to become a low carbon tourism destination, as one participant states:

“Of course, we talked a lot about the opportunity to establish MDI as an epicenter of
green tourism and a model of a community that, you know, has really entrenched
sustainability practices, has addressed resilience, and is actively participating in climate
solutions. And I think that there's going to be more and more of a draw for people to
travel and experience places like that.” (Climate change nonprofit leader)

Ongoing conversations on MDI about becoming more sustainable speaks to the opportunity that
exists by reducing MDI's climate footprint, creating benefits for visitors and residents alike, and
attracting visitors by promoting green practices. In this section we outline the main workshop
discussion points and cross-cutting ideas from day 1, including varied climate change
experiences by different stakeholder groups, issues of unpredictability and uncertainty, and
tipping points. Workshop participants distinguished between the ways climate change impacts
are experienced by residents and local tourism supplies compared to visitors. As an example,
participants used an analogy of a restaurant where the front of the house represents tourists, and
the back of the house represents residents and tourism suppliers.
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Table 4.2. Ranking of climate change items by significance of their ability to impact tourism on
MDI and easiest to address (top five rankings).

Ranking

Most Significant Climate Change

Easiest Climate Change Impacts

Impacts and Opportunities to Tourism

for Tourism System to Address

on MDI
1

Increasing visitation

Opportunity to model sustainability
(mitigation actions)

2

Opportunity to model sustainability

Challenges with island access from

(mitigation actions)

flooding/extreme weather events

3

Shifts in seasonality of visitation

Increasing visitation

4

Increasing pressure on housing availability

Different patterns of winter outdoor

and land use

recreation

Higher fire risk in summer

Increasing pressure on housing

5

availability and land use

There will likely be challenges and climate change impacts that the front of the house
notices that the back of the house does not, and vice versa. Accommodating increased visitation
will require a comprehensive plan that serves both the back and the front of the house. Therefore,
opportunities to adapt to climate change must address a range of experiences while providing
benefits for MDI communities in the midst of increasing visitation.
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Increasing visitation was not discussed as a straightforward impact, as participants
highlighted that the unpredictability and uncertainty of climate change impacts were most
experienced on MDI. For example, it is difficult to plan for winter tourism when conditions can
frequently change daily and year-to-year, as there is more observed interannual variability in
winter weather. Participants shared the sentiment that climate trends did not adequately portray
the abnormalities and inconsistencies that MDI has been experiencing. Unpredictable conditions
have devastating consequences for tourists who are ill-prepared for the weather, as workshop
participants recalled a fatal winter recreation accident last year. At the same time, it can be
difficult for tourism suppliers to adapt to changes in daily and yearly winter conditions as they
must be prepared to accommodate a variety of activities (e.g., skiing, snowshoeing, hiking, fat
biking, etc.).
Participants felt that adapting to climate change is also complicated by the fact that not all
impacts occur on the same schedule. For example, some impacts may occur in the short-term
(e.g., extreme weather events, storm surges, etc.), while others are longer-term (e.g., increasing
average annual temperatures, sea level rise, etc.). This temporal lens also introduces the idea of
tipping points related to tourism and climate change. While tourism may increase in the summer
as visitors escape other warming areas, there may be an upper temperature threshold at which
point tourism may decrease, as one participant describes:

“We're going to reach this tipping point, where we're actually gonna have to worry about
not enough visitation to support the businesses that support the community.” (Hospitality
business owner)

This quote reflects the worry of reaching a threshold whereby MDI no longer becomes a
desirable destination in terms of climate. Considering both tourism and climate change together
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is critical to address the challenges of planning for uncertain conditions. Specifically, planning
for potential visitation increases, as well as potential decreases, will be important in the longterm. Tipping points were also discussed in terms of larger system-wide thresholds that could
have the potential to change the iconic character of Maine. For example, participants recognized
that Maine’s lobster industry is changing as a result of climate change. Participants noted that
these iconic Maine species (e.g., lobster, moose, puffin, etc.) and characteristics (e.g., spruce-fir
forests, rugged beaches, etc.) could at some point disappear as Maine passes a climatic tipping
point, thereby changing the unique character of Maine and impacting the tourism sector.

4.3.2 Day 2: Generating and Ranking Planning Priorities
Within breakout groups, participants brainstormed potential adaptation and mitigation
planning priorities to address the previously identified impacts while considering feasibility
(based on existing resources and barriers) and organizational interests in implementation. As a
whole group, we combined the identified planning priorities into four categories that address the
two key impacts, modeling sustainability and increasing visitation identified from day 1. The
following paragraphs elaborate on the four priority planning areas: (1) communication and
education efforts, (2) climate friendly transportation infrastructure, (3) collecting, analyzing, and
sharing visitor data, and (4) building the capacity of MDI’s hospitality industry.
Participants identified the need for a cohesive educational message communicated by
MDI suppliers to address climate impacts that affect visitation, such as reducing individual
carbon footprints, and enhancing winter recreation safety. Participants described how
communication efforts can influence visitor actions while also resulting in benefits to MDI
communities (e.g., fewer greenhouse gas emissions because visitors are using public
transportation instead of personal vehicles). Ideally, cohesive messages across stakeholder
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audiences would share information regarding the impacts of climate change across the island and
create an opportunity to positively shape visitor experiences,

“I think with each one of those contacts with a local [supplier] that's the opportunity for
the local [supplier] to try to shape how that visitor visits the park [...] It’s the opportunity
to really shape the experience to make it better for all of us.” (Tourism non-profit leader)

Participants viewed a centralized messaging campaign as critical to promoting more sustainable
visitor behaviors, as communication and education are at the root of collective action.
Participants expressed the need for a larger education campaign outside of the peak summer
tourism season, as there is a greater number of visitors recreating during the off-season months.
Participants recalled an increasing number of accidents during the winter season particularly
within ANP due to what they believe is lack of preparedness, awareness, and information to
recreate safely. The information being communicated to visitors during the summer emphasizes
a message of “Leave No Trace,” and while participants agreed the need to carry on that same
message during the off-season, they also recognized the need for an educational platform to
inform visitors and residents on winter recreation opportunities, with a strong message on safety
and preparedness.
A lack of statewide public transportation means that the majority of visitors to MDI come
by personal vehicle, and their cars are often not fully occupied. This is an inefficient way of
bringing visitors to MDI or moving them around the island. Furthermore, MDI tourism suppliers,
residents, and visitors face challenges with vehicle traffic and congestion. Workshop participants
discussed improving public transportation on MDI to reduce car emissions and traffic
congestion. Although a local bus system, The Island Explorer, and a handful of electric vehicle
(EV) charging stations currently exist on the island, participants described additional
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enhancements to transportation infrastructure they would like to see. Potential improvements
include creating bike lanes, increasing the number of EV charging stations, increasing the
capacity of The Island Explorer bus system, and creating pedestrian only zones by limiting
vehicles in downtown Bar Harbor (a popular area for foot traffic and parking). Participants
discussed the need to pair these improvements in public transportation with communication
campaigns to encourage visitor use. For example, participants described using messaging to
nudge desired visitor behaviors, such as riding the bus, by promoting individual benefits like
saving money and convenience in addition to community benefits, like reducing carbon
emissions. Participants acknowledged that consistent messaging across tourism suppliers would
make this a more effective, collaborative effort to encourage public transportation use.
Participants identified the value that increased visitor data collection could have on
addressing visitation challenges. In particular, workshop attendees discussed the opportunity to
gain visitor feedback to identify common issues faced by those visiting and recreating within
MDI year-round. Workshop participants suggested using visitor data as a way to improve
communication and education efforts, such as increasing visitor use of The Island Explorer bus
system. Participants wanted to share data across tourism stakeholder groups on MDI while also
extending this communication across town boundaries. To effectively share information gathered
on visitor experiences, participants suggested creating a centralized database where anyone
interested could easily access this information, which could be beneficial in planning and
preparing for projected visitation shifts across seasons.
The hospitality industry on MDI must build its capacity to handle increases and shifts in
visitation, especially during off-peak seasons. Several issues were raised by workshop
participants related to capacity building, including insufficient training for hospitality staff,
limited visitor education, and changes to staff hiring procedures. Encounters between tourism
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suppliers and visitors are important opportunities for communication and education. Workshop
participants described the need for tourism suppliers to provide visitors with consistent messages
during their stay on MDI. Training hospitality workers and providing them with clear messages
to relay to visitors was viewed as a means to increase visitor safety, encourage environmentally
friendly visitor behavior (e.g., taking public transportation, discouraging/encouraging visitation
to specific sites, etc.), and enhance the capacity of the tourism industry to accommodate offseason visitation. Ideally, improved training and capacity building within the hospitality sector
would be accompanied by increasing the number of staff available to accommodate rising
numbers of off-season visitors. Several challenges exist that hinder increasing the number of
tourism suppliers on MDI, including challenges finding housing for seasonal staff, rigid seasonal
hiring practices (especially for ANP), and difficulties finding long-term employees. Regardless
of these challenges, workshop participants viewed having a more informed hospitality sector as
an important part of enhancing visitor safety, promoting climate-friendly transportation
behaviors, and maintaining a high-quality tourism experience on MDI.
During the second workshop, we discussed cross-cutting barriers to implementing the
four aforementioned planning priorities. Participants discussed barriers to implementing
adaptation and mitigation actions, such as a lack of funds, time, appropriate infrastructure, and a
central leadership team. The expanding tourism season exacerbates these barriers and places
pressure on tourism suppliers to overcome these challenges. Funding was a common barrier for
climate change action. For example, businesses may want to renovate their properties to be more
sustainable and carbon neutral but may not have the funds to do so. Existing infrastructure and
facilities also need to be renovated to provide for year-round use and new facilities will need to
be built to accommodate increased visitation and staff housing requirements. Although
opportunities to acquire funding may exist, tourism suppliers need to know about them and be
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able to apply for funding. Additionally, as participants mentioned, these funds are typically
available for innovations and start-up costs, not for long-term maintenance or updating existing
programs. Instead, user fees and taxes are used to maintain programs and community resources
such as The Island Explorer bus system. This too poses a challenge as many participants
described how visitors to ANP are resentful of a recent price increase to support natural and
cultural resource management needs. Despite a concerted effort to explain the rationale behind a
higher entrance fee, workshop participants described receiving many visitor complaints on the
issue.
Participants were likely to be part of multiple organizations on MDI, as people take on
multiple roles within the small community to both run their businesses and support community
development efforts. Although participants were interested and engaged in issues surrounding
climate change and tourism planning, priority obligations (e.g., family, business obligations, etc.)
took precedence. The ultimate barrier identified by the participants was a lack of centralized and
dedicated leadership working on climate change and tourism issues. Participants repeatedly
agreed that a formal dedicated role is necessary to advance initiatives related to climate change
and tourism planning, adaptation, and mitigation. Ideally, participants wanted this position to
coordinate efforts on cohesive messaging, to identify potential funding sources, and relieve
pressure from tourism suppliers.

4.4. Discussion
Local tourism actors are key stakeholders in adapting to and mitigating climate change
within tourism destinations; however, tourism suppliers are rarely involved in participatory
planning processes that consider local realities, goals, and available resources (Galvin 2019). To
overcome traditional power dynamics and ensure planning efforts were locally relevant (Pickets
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et al. 2012), we co-created a series of participatory workshops with community partners to
address climate change planning for adaptation and mitigation at a coastal Maine tourism
destination. MDI exemplifies a northern latitude tourism destination that will experience a
combination of negative and positive impacts arising from climate change. Planning for climate
change is an important process for tourism suppliers to proactively minimize challenges and take
advantage of opportunities. As climate change alters visitation patterns, changes in visitor
markets may require different tourism structures and product offerings that require adjustments
on the part of tourism suppliers (Lew and Cheer 2018). At the same time, MDI will likely benefit
from warming temperatures that will result in increased visitation (Fisichelli et al. 2015).
Previous studies have found that tourism suppliers, who are important decision-makers within
tourism destinations, had limited capacities to prioritize climate change actions (Bicknell and
McManus 2006; Hall 2006; Mushawemhuka et al. 2018; Tervo-Kankare 2011). Efforts require
time, a cohesive and unified message, and coordination and engagement from multiple
community groups and organizations (Jager and Moll 2011; Kelly 2019). This is similar to
results in MDI where tourism suppliers, while aware of the importance of responding to climate
change, also acknowledge their many roles within the community and therefore limited personal
capacities to prioritize actions. In our study, the researchers served as a catalyst for local
planning initiatives (Galvin 2019) to proactively engage with the tourism planning process on
MDI while bringing together a diverse group of suppliers to collaborate on climate change
adaptation and mitigation. Our results therefore provide insights on a participatory workshop
framework to prioritize local climate change impacts and actions, as well as advance our
knowledge on approaches to overcome barriers for tourism supplier action.
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4.4.1 Collaboration and Communication Across Stakeholders Enhance Tourism Planning for
Climate Change
Responding to climate change as a destination will be complex given the large number of
stakeholders involved and the added complexity of the climate system (Moreno and Becken
2009); therefore, a cooperative approach is required to address stakeholder barriers to proactive
action (Jopp et al. 2010; Pinkse and Kolk 2012). Participants often mentioned the challenges of
creating a unified front to take advantage of opportunities and address challenges associated with
climate change, specifically in regards to creating a cohesive message surrounding tourism and
climate change on MDI. They noted that collaboration would help by overcoming barriers
related to limited time, financial support, appropriate infrastructure, and uncertainty in regards to
impacts. In particular, participants often mentioned that they alone were not able to take on a
single planning priority given their other business and personal obligations; therefore, a
persistent obstacle was a lack of centralized and dedicated leadership working on climate change
and tourism issues. Similar barriers have been identified in other tourism destinations, as some
stakeholders have concerns over the capacity of small businesses and organizations to adapt
(Horne et al. 2019; Turton et al. 2010). Responding to unpredictable weather patterns is also not
uncommon and has been viewed as a concern in regards to winter recreation in other high
latitude tourism destinations as well (Dodds and Graci 2009). While there is no single
organization or individual capable of constructing a communication plan, collaboration across
MDI was noted as a potential way to overcome existing barriers to enact the planning priorities
identified during the workshops. The workshops helped to serve as a catalyst for cooperation by
engaging local tourism actors in a dialogue to develop locally relevant solutions (Moser and
Eckstrom 2011) while seeking to foster both individual and collective capacity to proactively
respond to change (Filimonau and De Coteau 2019; Jordan and Javernick-Will 2012). It is
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important to create opportunities, such as participatory workshops, to allow community members
to openly communicate, exchange relevant information, and better understand what needs to be
addressed in order for individuals to make steps towards possible solutions (Moser 2010). While
many of the participants had previous interactions, the workshops helped to create a space for
addressing the specific needs of the community and developing actionable knowledge to respond
to uncertain and unpredictable climate change impacts (Wyss, Luthe, and Abegg 2014; Bieluch
et al. 2016).
Preemptive collaborative climate change adaptation planning is necessary yet requires a
communication message that shares local values and sustainability initiatives with visitors,
residents, and businesses. Climate change communication has been recognized as an effective
way to implement adaptation and mitigation efforts by building awareness and dialogue around
climate change (UNFCC 2021) and was recognized by workshop participants as central to all
four planning priorities. There is growing literature in the field of ‘green communication’ within
tourism to share sustainability efforts of a destination with visitors, as sustainability
communication can increase visitors' awareness of sustainable practices and activities (Holleran
2008; Peattie and Crane 2005). As noted by workshop participants hoping to draw in visitors
based on shared values, sustainability messages that emphasize the experience for a tourist can
act as a selling point for visitors and further increase the desirability of a destination (Cucculelli
and Goffi 2016; Hanna et al. 2018). Other tourism destinations have similarly found that
communicating sustainability to visitors can play a critical role in sustainable development
(Paunović and Jovanović 2017; Welford and Ytterhus 2004). A move toward a holistic approach
in communications and marketing may involve messages that integrate social equity,
environmental protection, local livelihoods, and safety, while also considering local cultural,
social, and environmental values (Jamrozy 2007; Wheeler et al. 2011).
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Recreational safety was another important communication issue for participants and has
been identified as a concern among other tourism destinations (Hallmann et al. 2014; Pyke et al.
2016; Saunders et al. 2019). Communications that share the risks of recreation have the potential
to promote visitation and safety (Wang and Lopez 2020). Tourism destinations may even
consider new avenues for communicating to visitors. Participants mentioned creating videos to
engage potential visitors and share recreation safety information. Social media may provide a
relatively inexpensive approach to communicating with visitors and residents, market the
destination by describing current opportunities, create awareness regarding the destination, and
strengthen the sustainable image of the destination (Amir et al. 2018; Kiráľová and Pavlíčeka
2015).

4.4.2 Tipping Points Can Result in Positive, Then Negative Impacts to the MDI Tourism
System
Maine is highly dependent on tourism to support economic development, with MDI
serving as an important tourist attraction (MOT 2019). Additionally, MDI is a coastal, naturebased tourism destination located on an island, making it highly vulnerable to the impacts of
climate change (UNWTO 2016). Highly prioritized climate change impacts tended to be social
impacts that were due to large-scale ecological impacts. For example, increasing visitation,
housing pressure, and winter recreation were identified as top impacts, and viewed as a result of
climate change extending the tourism season. As discussed by workshop participants,
incorporating both ecological and social dimensions of climate change impacts will be critical
for tourism planning (Moreno and Becken 2009). Natural resource-dependent recreation areas
have carrying capacities (e.g., visitation they can accommodate) that depend on characteristics of
the area, such as infrastructure, natural resources, etc. (Dvarskas 2016). Overshooting the
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carrying capacity of a destination leads to negative ecological and social impacts. For example,
Dvarskas (2016) found that changes in water quality due to sustained over-tourism resulted in
decreased desirability of beach destinations. Tourists are considered highly adaptable in that they
can alter the activity, destination, or timing of visitation; yet future visitor strategies are uncertain
(Scott et al. 2012). In addition, tradeoffs exist when considering development to address such
needs as infrastructure, increased staffing, and modeling sustainability, as it is unclear how
certain strategies may affect carrying capacity of the natural, built, and human environment
(Atzori et al. 2018; Dawson and Scott 2010b).
In relation to carrying capacities, participants discussed tipping points within the tourism
industry and the temporal timelines that might eventually create a negative impact from what
was previously viewed as a positive impact. Multiple definitions of tipping points exist;
however, they can be characterized similarly by the fact that once a threshold is passed, the
internal system dynamics cause uncontrollable, unprecedented, and potentially unpredictable
change, resulting in an alternative state (van Nes 2016). In the context of tourism, tipping points
might shift a destination from desirable to undesirable in the minds of visitors. For example,
workshop participants noted that increased summer temperatures may reach a threshold that
becomes too hot for tourists traveling to MDI to escape warmer climates. At the same time,
while increased visitation brings positive impacts (i.e., revenue) there is also the potential for
visitation itself to reach a tipping point, such that visitors to MDI place unsustainable pressure on
natural resources (Wilkins et al. 2018). Positive feedback loops, or processes that enhance or
enforce change, can also contribute to the concept of tipping points by amplifying small initial
changes (van Nes et al. 2016). Feedback loops may alter the rate of change such that social
and/or environmental impacts may pass a tipping point after which stakeholders perceive the
stressor to be undesirable (Lew 2014). Although coastal MDI may initially outcompete
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neighboring destinations, by attracting more visitors and increasing revenue, in the short term as
a result of perceived improvements to climate, participants must plan for future declines if the
temperature becomes “too warm” and visitors seek cooler destinations (Dawson and Scott 2010a;
Hestetune et al. 2018). Tourism studies elsewhere also suggest the potential for tipping points, or
thresholds, that when passed can alter visitation patterns (Coldrie and Turpie 2020; Scott, Jones
and Konopek 2006); though, this does not appear to be the case in every tourism destination
(Smith et al. 2015). Identifying those specific thresholds can be critical for tourism planning
(Atzori, Fyall and Miller 2018)

4.4.3 MDI’s Opportunity to Model Sustainable Tourism Destination Development
Workshop participants often recognized that tourism itself contributes negatively to
climate change through energy consumption and greenhouse gas emissions. Participants saw an
opportunity at the intersection of climate change and tourism to develop more sustainable
systems that reduce MDI's overall contributions to climate change and encourage tourists to
engage in more sustainable visitation practices. Some of these practices included reducing
personal vehicle use on MDI and using energy efficient accommodations. Not only would these
practices improve MDI's carbon footprint, but participants felt they could also serve as an
educational opportunity for visitors and as adding additional attraction value to MDI. Travel
constitutes the majority of individual visitor energy use, resulting in large amounts of greenhouse
gas emissions that negatively impact the environment and exacerbate climate change (Kelly and
Williams 2007). This paradox of nature-based tourism, in which the act of tourism itself
degrades the destination either directly or indirectly, has led to initiatives of sustainable tourism
development in which sustainable development is promoted through energy efficiency (WCED
1987). While sustainable tourism has many definitions and operationalizations (Hardy et al.
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2002; Johnston and Tyrrell 2005), 'sustainable development in the context of tourism' (Hardy et
al. 2002) is a mindset that can help bolster tourism destinations under climate change. The theme
of ‘green’ and ‘sustainable’ tourism destinations have also been recognized by other tourism
suppliers in previous studies as a primary way to address climate change impacts (Turton et al.
2010; Dodds and Graci 2009). The development of more sustainable energy systems and
transportation strategies would support the future of tourism to MDI and benefit both tourism
and the local community.
Community involvement is key to creating sustainable practices to support current and
future tourism (Graci 2013; Hardy et al. 2002). Local communities, along with the economy and
environment, are a core facet of a sustainable tourism destination (Hardy et al. 2002). Our results
highlight multiple community organizations (ACTT, ANP, etc.) and engaged citizens invested in
discussing and implementing sustainable development and climate change mitigation actions on
MDI. Creating lasting practices that reduce emissions and environmental impact requires
community collaboration and stakeholder involvement (Graci 2013; Hardy et al. 2002). Current
community collaboration and engagement in MDI suggests that there are already strong
foundations for successful future sustainable development.

4.4.4 Study Limitations and Future Research
There are several limitations and recommendations to continuing this work. We engaged
with a small sub-sample of tourism suppliers. Future workshops should include a greater number
and variety of tourism stakeholders. It will be important to involve MDI residents in the planning
process who are important stakeholders within tourism destinations but who often have differing
attitudes toward tourism, especially if they do not perceive community benefits from tourism
development (Goeldner and Ritchie 2012; Martin et al. 2018). Including residents in the tourism
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destination planning process can alleviate negative attitudes and impacts while ensuring that
tourism development meets the needs of local communities (Gunn and Varr 2012). Workshop
participants remarked that collaborating with non-local tourism actors, especially at the state
level, would be crucial in creating a cohesive marketing message for MDI visitors who receive
information from a variety of sources; therefore, including state tourism planning and marketing
experts in future planning efforts could help create a single, cohesive message to promote desired
visitor behaviors. While our workshops received positive feedback from participants, future
research should focus on evaluating the long-term efficacy of such approaches to planning (Jopp
et al. 2010).

4.5. Conclusion
The participatory approach to tourism climate change planning presented in this paper
reflects a method of co-developing locally relevant solutions with community members. Through
our workshops we found community members successfully engaged and communicated with one
another about climate change and tourism planning. Co-creating this workshop series resulted in
fruitful partnerships between the research team and community partners, thereby ensuring locally
relevant workshops addressing participant priorities. Using participatory workshops also gave
tourism suppliers a leading role in shaping the destination planning process. In order to support
tourism stakeholder engagement in climate change planning it is key to create and foster
opportunities for local tourism stakeholders to engage, communicate, and plan for challenges and
opportunities. Tourism destination planning is important to alleviate negative socio-ecological
climate change impacts, ensure a positive visitor experience, and see that development serves the
needs of both communities and residents. Planning also serves to increase destination readiness
to adapt to and mitigate the effects of climate change, thereby increasing destination success. Our
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process of workshop development and implementation can serve as a model to other tourism
stakeholders seeking to address climate change at a destination level, as well as to natural
resource planners more broadly.
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CHAPTER 5: CONCLUSION
We used an interdisciplinary approach that integrated both biophysical and social science
methods to better understand how climate change is impacting Maine’s forests, particularly to
changes in the timing and duration of phenological events. By analyzing remotely sensed data,
we assessed phenology trends with a focus on how increasing global temperatures are affecting
Maine’s forest ecosystems. We also conducted a survey to evaluate how climate trends are being
perceived by resource managers across Maine’s public lands. Overall, this study is the first to
integrate both biophysical and social science techniques to get a comprehensive understanding of
the impacts of climate change on forest resources and management. The results from this study
are intended for stakeholders (e.g., land managers, researchers) who are concerned with the
impacts of climate change on forest ecosystems, particularly related to phenology, but also are
interested in how and when visitors recreate in outdoor spaces as a result of ongoing seasonal
changes.
5.1 Key Findings
5.1.1 Forest Phenology in Maine Results
We constructed a predictive model using remotely sensed data to analyze time-series
trends to make predictions of day of year occurrences for three phenology metrics under various
future climate-change projections. We found that changes in spring and winter temperatures, in
addition to increases in accumulated growing degree days, are the three most influential factors
that regulate the onset of Greenup and Peak, while changes in the variation in fall temperatures
most influence the onset of Dormancy. Our findings also show that the metrics of Greenup and
Peak are expected to undergo a change by 40 and 27 days earlier than the 2001-2017 average,
respectively, by the end of the 21st century. Dormancy is expected to occur 6 days earlier by the
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end of the 21st century, which may lead to an overall extension of the vegetation growing season
by 46 days. This extension may have further implications on biological processes such as carbon
cycling as well as management of natural and visitor resources. The results from our study
indicate that additional research is critical to understand impacts of ongoing climate change to
vegetative landscapes. Our results provide relevant stakeholders (i.e., researchers and resource
managers) information regarding spatio-temporal characterization of phenological changes with
accessible data that can be incorporated into ongoing management efforts or serve as a catalyst
for future studies.
5.1.2 Survey Results
In Chapter 3, I described the survey with Maine's BPL staff (i.e., headquarters, state
parks, and public reserved lands) to understand how they are experiencing the impacts of climate
change, and how they are perceiving and thinking about these changes in the context of resource
and visitor management decisions. In addition, we gained insights on how managers can
incorporate climate change related information into their management decisions. Participants
within the Maine BPL identified staffing, budget, COVID-19, and politics amongst the most
important factors influencing their personal work over the past 5 years. While there was a mixed
response in participants' perceptions of the level of importance of climate change, 44% answered
that the BPL should consider all potential climate change impacts when making management
decisions. Although barriers exist that hinder the progress and advancement of management
decisions, support tools such as scenario planning, additional workshops, training for staff, and
more locally relevant climate data were identified by participants as key tools to facilitate
adaptation strategies. Further studies of resource managers perceptions, both pre- and postpandemic, are critical to assess and compare feedback from this year and to provide a more
comprehensive outlook of the factors influencing long-term climate and visitor planning.
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Overall, this study advanced our understanding of how climate change is perceived by state
agencies, such as the Maine Bureau of Parks and Lands, and what barriers exist to better prepare
and manage for future changes.
5.1.3 Participatory Workshop Results
In Chapter 4, I discussed the impacts of climate change on a coastal, tourism-dependent
community and their capacity to proactively plan for predicted changes. Few studies in Maine
have focused specifically on the impacts of climate change on tourism suppliers. Through a
collaborative process, participants identified some impacts of climate change that included
increasing visitation and shifts in the timing of peak visitation. Participants also identified and
ranked potential adaptation and mitigation priorities to address impacts and potential
opportunities resulting from climate change. For example, participants suggested that it is a
necessity to communicate a cohesive and centralized message regarding acceptable and expected
visitor behavior. Co-creating this workshop series resulted in beneficial partnerships between the
research team and community partners that ensured our results were locally relevant to address
participant priorities. We showed examples of the success in using participatory workshops as a
collaborative approach to support stakeholder engagement in planning and managing for the
impacts of climate change and shifts in visitation and visitor behavior. Our process of workshop
development and implementation can serve as a model to other tourism stakeholders seeking to
address climate change as well as to natural resource planners more broadly.
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5.2 Interdisciplinary Process
The National Research Traineeship (NRT) program is designed to engage students in
collaborative research to address challenges in the environmental, social, economic, and climatic
fields. As part of this program, our team of NRT students incorporated our individual research
interests and backgrounds in work that could address climate change problems faced by Maine’s
tourism-dependent communities. This experience allowed us to gain additional skill sets, engage
with local stakeholders, and work closely together to help create solutions. For example, as a
student group we successfully co-wrote and were awarded a competitive grant from the George
J. Mitchell Center for Sustainability at the University of Maine, which strengthened our
collaborative and grant writing skills.
As part of the NRT program, I have learned to engage with a multitude of students, faculty,
and researchers in a diverse set of fields to communicate findings and work across disciplines.
This program and this collaborative process allowed me to become more comfortable talking and
engaging with a wide range of stakeholders, as well as the importance of communicating
scientific findings to broad, general audiences by incorporating connections relative to their own
interests and ensuring the results would be relevant and applicable to all stakeholders involved.
We are the first student-led team within the NRT Program at the University of Maine to codevelop and write a joint student chapter reflecting on our project leading participatory
workshops for the tourism businesses in the Mount Desert Island destination in Maine. This is
significant because this resulted in fruitful partnerships between the research team and
community partners, and the workshop process can serve as a model to other tourism
stakeholders seeking to address climate change at a destination level as well as future students
seeking to implement interdisciplinary research to seek climate change solutions.
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5.3 Future Research & Final Thoughts
Overall, this study provides valuable insight into the complex connections between climate,
natural landscapes, people, and those who manage the socio-ecological systems. This study
serves as an example of how to successfully conduct collaborative research amongst student
researchers, community members, and government agencies and highlights the need for future
interdisciplinary research. This study serves as an initial step towards future research to assess
how forested landscapes and the vegetation communities within them will adapt in the face of
climate change in the coming centuries. Additionally, we highlight how people respond to these
changes, as well as unprecedented changes such as the COVID-19 pandemic, and how resource
managers can respond and integrate our results to best adapt and inform their management
practices.
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APPENDIX A: SURVEY INSTRUMENT

Part A: In this section, we would like to learn about your perspective on the social and
environmental factors that have impacted the work that you do with the Maine Bureau of
Parks and Lands (BPL).

Throughout this survey, climate change can be defined as changes in the average
conditions- such as temperature and precipitation- in a given region over a long period of
time.

Please select ALL the factors that have affected your work within the BPL over the past 5
years:

o
o
o
o
o
o
o
o

Budget
Climate Change
COVID-19
Politics
Staffing
Visitation
Other: (Please Specify) ___________
None
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Of these factors, please choose the top 3 issues that have had the greatest impact on your
work at the BPL over the past 5 years:

▢ Budget
▢ Climate Change
▢ COVID-19
▢ Politics
▢ Staffing
▢ Visitation
▢ Other:(Please Specify) ___________
How important is climate change when making management decisions within your current
work at the BPL?

o
o
o
o
o

Not at all Important
Of Little Importance
Somewhat Important
Important
Very Important

In your opinion, how important is climate change within the work that the BPL conducts?

o
o
o
o
o

Not at all important
Of Little Importance
Somewhat Important
Important
Very Important
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In your current position with the BPL, do you take into account projected (~5 years)
climate change scenarios (for example, shorter warmer winters, longer hotter summers,
etc.)?

o
o
o
o

Yes
Somewhat
No
I don't know

Of the following list, please select the activities that you conduct in your current role at the
BPL to manage for climate change impacts.

▢ Communication with climate experts
▢ Ecological inventory and monitoring
▢ Permitting
▢ Public outreach
▢ Regulation
▢ Short-term planning: less than 5 years
▢ Mid-term planning: 5-10 years
▢ Long-term planning: beyond 10 years
▢ Visitor education
▢ Other: (Please Specify) __________
▢ None
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Please select ALL the factors that may be of concern across state parks this summer in
terms of visitor management given the current COVID-19 pandemic?

▢ Decrease in visitor satisfaction
▢ Lack of staff financial resources
▢ Limited personnel to support visitor management
▢ Negative effects on natural resource protection
▢ Negative impacts to park facilities (for example, restrooms, picnic tables)
▢ Overcrowding
▢ Staff health
▢ Staff safety
▢ Visitor health
▢ Visitor safety
▢ Other: (Please Specify) ___________
▢ No Concern
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Of these factors, please choose the top 3 concerns in terms of visitor management given the
current COVID-19 pandemic?

▢ Decrease in visitor satisfaction
▢ Lack of staff financial resources
▢ Limited personnel to support visitor management
▢ Negative effects on natural resource protection
▢ Negative impacts to park facilities (for example, restrooms, picnic tables)
▢ Overcrowding
▢ Staff health
▢ Visitor health
▢ Visitor safety
▢ Other: (Please Specify) ______
▢ No Concern
Part B: In this section, we would like to learn about your perceptions of climate change
across Maine State Parks and Public Reserved Lands.

Please select which best describes where you are stationed in your current position (not
considering changes due to COVID-19).

o
o
o

Headquarters (Augusta)
Public Reserved Lands
State Parks

*If State Parks is Selected, Then Skip to “Please select which best describes…”
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Please select which best describes where you are currently stationed.

o
o

A Regional Office
A State Park: (Please Specify) _______________
*If A Regional Office is Selected, Then Skip To “Please select which best described the
region..”

Please select which best describes the region you are currently stationed in.

o
o

Northern Parks Region
Southern Parks Region

To what extent have you noticed the following changes to the lands managed by the BPL
over the course of your career? Please select all that apply.
Over the past 5 years
Never
Changes in
duration of

Rarely

Over the past 20 years

Occasionally

Frequently

Never

Rarely

Occasionally

Frequently

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

plant
growing
season
Changes in
duration of
winter
season
Changes in
forest
composition
Changes in
forest health
(for
example,
diseases,
pests)

130

Changes in
frequency of

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

forest fires
Changes in
severity of
forest fires
Changes in
seasonal
precipitation
Changes in
seasonal
temperature
Changes in
sea level
rise
Changes in
road erosion
Changes in
trail erosion
Changes in
timing of
fall foliage
Changes in
timing of
plant
flowering
Changes in
winter
recreation
Changes in
winter
snowpack
Changes in
winter thaw
events
Increase in
duration of
high
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temperature
events
Increase in
frequency of

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

high
temperature
events
Increase in
severity of
high
temperature
events
Increase in
frequency
of droughts
Increase in
severity of
droughts
Increase in
forest pests
Increase in
invasive
plant
species
Increase in
mosquito
populations
Increase in
tick
populations
Timing of
peak
campground
use
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Timing of
peak

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

visitation
Other:
(Please
Specify)

Of those you have observed, how would you describe their impacts relative to the (lands
managed by BPL/ Maine State Parks/ Public Reserved Lands)?
Negative

Changes in
duration of plant
growing season
Changes in
duration of
winter season
Changes in forest
composition
Changes in forest
health (for
example,
diseases, pests)
Changes in
frequency of
forest fires
Changes in
severity of forest
fires
Changes in
seasonal
precipitation
Changes in
seasonal
temperature
Changes in sea
level rise
Changes in road
erosion

Neutral (No

Positive and

Impact)

Negative

Positive

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o
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Changes in trail
erosion
Changes in
timing of fall
foliage
Changes in
timing of plant
flowering
Changes in
winter recreation
Changes in
winter snowpack
Changes in
winter thaw
events
Increase in
duration of high
temperature
events
Increase in
frequency of
high temperature
events
Increase in
severity of high
temperature
events
Increase in
frequency of
droughts
Increase in
severity of
droughts
Increase in forest
pests
Increase in
invasive plant
species
Increase in
mosquito
populations

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o
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Increase in tick
populations
Timing of peak
campground use
Timing of peak
visitation
Changes in
operational
season (e.g.,
harvesting)

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Other: (Please
Specify)

o

o

o
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o

Of those you have observed, which would you consider to be directly attributed to climate
change. Select all that apply.

▢ Changes in duration of plant growing season
▢ Changes in duration of winter season
▢ Changes in forest composition
▢ Changes in forest health (for example. diseases, pests)
▢ Changes in frequency of forest fires
▢ Changes in severity of forest fires
▢ Changes in seasonal precipitation
▢ Changes in seasonal temperature
▢ Changes in sea level rise
▢ Changes in road erosion
▢ Changes in trail erosion
▢ Changes in timing of fall foliage
▢ Changes in timing of plant flowering
▢ Changes in winter recreation
▢ Changes in winter snowpack
▢ Changes in winter thaw events
▢ Increase in duration of high temperature events
▢ Increase in frequency of high temperature events
▢ Increase in severity of high temperature events
▢ Increase in frequency of droughts
▢ Increase in severity of droughts
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▢ Increase in forest pests
▢ Increase in invasive plant species
▢ Increase in mosquito populations
▢ Increase in tick populations
▢ Timing of peak campground use
▢ Timing of peak visitation
▢ Other: (Please Specify) _______________
In your opinion how will the following changes in seasonal climate conditions affect
visitation within (lands managed by BPL/ Maine State Parks/ Public Reserved Lands) over
the next 10 years?
More Visitors
Changes in duration

No Change

Fewer/Less Visitors

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

of plant growing
season
Changes in duration
of winter season
Changes in seasonal
precipitation
Changes in seasonal
temperature
Changes in timing of
fall foliage
Changes in winter
snowpack
Changes in winter
thaw events
Increase in average
summer temperatures
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Increase in average

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

winter temperature
Increase in duration
of high temperature
events
Increase in frequency
of high temperature
events
Increase in severity of
high temperature
events
Increase in frequency
of droughts
Increase in severity of
droughts
Increase in mosquito
populations
Increase in tick
populations
Changes in
operational season
(e.g., harvesting)
Other: (Please
Specify)

In your opinion are there other visitation changes or land management efforts in BPL
(lands/ State Parks/ Public Reserved Lands) that you envision could result from changes in
seasonal climate conditions? Please explain.
________________________________________________________________
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Since the start of the COVID-19 pandemic, have you noticed changes in the number of
visitors/ recreationists within ( Maine State Parks/ Public Reserved Lands)?

o
o
o
o
o
o
o

A dramatic increase
A slight increase
No change
A dramatic decrease
A slight decrease
I don't know
Other: (Please Specify) ________________________________________________

Since the start of the COVID-19 pandemic, have you noticed other changes within (Maine
State Parks/ Public Reserved Lands)?
________________________________________________________________
________________________________________________________________

Part C: In this next section, we are interested in your insights regarding strategies to
reduce the effects of climate change in (lands managed by BPL/ Maine State Parks/ Public
Reserved Lands), and potential barriers to future planning and implementation of
activities.
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In terms of preparing for climate change impacts on natural resource management within
BPL (lands/ State Parks, Public Reserved Lands), please select all the statements which
best describe activities to date.

▢ We have started to gather information to better understand climate change impacts on
BPL lands

▢ We have completed an assessment of climate change impacts on BPL lands
▢ We are brainstorming a range of options to manage for climate change risks on BPL lands
▢ We have completed an assessment of potential response options to climate change risks on
BPL lands

▢ We have selected a subset of response options to move forward to manage for climate change
impacts on BPL lands

▢ We have begun implementing the selected response options to manage for climate change
impacts on BPL lands

▢ We are monitoring the success of the implemented responses to manage for climate change
impacts on BPL lands

▢ We have not looked at all into preparing or planning for impacts of climate change on BPL
lands

▢ Other: (Please Specify) ________________________________________________
If any, what types of strategies are you considering to implement to manage climate change
impacts across (lands managed by BPL/ Maine State Parks/ Public Reserved Lands)?
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Considering

Neither Considering

Implementing

nor Implementing
Additional training on

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

climate science for current
staff
Collaborations with other
state government agencies
in Maine
Collaborations with
federal government
agencies in Maine
Collaborate with local
communities
Collaborate with nonprofit organizations (for
example, land trusts)
Collaborations with
private companies
Improvements to road
maintenance for soil
erosion mitigation
Modify (stream crossings,
culverts etc.) from
extreme precipitation
events
Incorporating climate
projections from climate
models
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o

o

o

o

o

o

Scenario planning to
account for future
uncertainties
Other: (Please Specify)

Which of the following statements best describes how you personally think the BPL should
respond to impacts that result from a changing climate?

o
o
o
o

Should consider all potential climate related impacts in our decision making
Should prepare only for the most likely climate scenario based on existing information
Should take actions for our benefit regardless of whether or not climate change occurs
Should wait to make any changes until more relevant information is available at a local level

Have any of the following been barriers to BPL’s management efforts to prepare for
impacts of climate change?

Insufficient funding

Big Barrier

Not a Barrier

Small Barrier

o

o

o

o

o

o

o

o

o

o
o

o
o

o
o

from state agencies to
prepare a plan
Insufficient funding
from state agencies to
implement a plan
Insufficient resources
for staff
Insufficient staffing
Lack of access to
relevant information
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Lack of information

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o
o

o
o

o
o

o
o
o

o
o
o

o
o
o

o

o

o

at a local scale
Lack of knowledge
on how to analyze
relevant information
Lack of public
support
Lack of resources to
analyze relevant
information
Lack of scientific
information
Lack of staff training
Lack of support from
elected officials
Lack of time
Lack of urgency
Uncertainty of effects
of climate change
Other (Please
Specify)
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Do you currently communicate with any climate scientists? Select all that apply and specify
which organizations in the space provided if applicable.

▢ Yes, within the BPL
▢ Yes, with other government agencies in Maine ____________
▢ Yes, with a university ________________________________
▢ Yes, with a research institute __________________________
▢ Yes, with federal government agencies __________________
▢ Yes, with consulting firms ____________________________
▢ Other, please specify _______________________________
▢ I have not consulted with climate scientists
Which of the following would be useful within the BPL to better manage climate change
impacts? Select all that apply.

▢ Better interpretation of relevant science for decision making
▢ Guidance on current management strategies to support climate change adaptations
▢ Improved meteorological forecasts
▢ Locally relevant regional climate change projections
▢ Training for staff on how to incorporate projected climate into long term planning led by an
expert in the field

▢ Workshops for staff on how to incorporate locally relevant climate data for long term
planning

▢ Other: (please specify) __________________________
▢ None
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Have efforts to manage for climate change impacts within BPL lands been affected by the
COVID-19 pandemic?

o
o
o
o

Strongly Affected
Moderately Affected
Slightly Affected
Not Affected

Please briefly describe some of the effects of the pandemic on efforts to manage for climate
change impacts within BPL (lands/ State parks/ Public Reserved Lands).
________________________________________________________________
________________________________________________________________
Part D: The final section of this questionnaire will provide us with some background
information about you and your current position within the BPL. Your answers, as all
answers provided throughout this survey will remain anonymous.

What is your gender?

o
o
o
o
o

Male
Female
Non-binary, genderqueer, or genderfluid
Gender Identify not listed: (Please Specify) _________________
Prefer not to answer
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What is your age?

o
o
o
o

18-24
25-39
40-60
60 +

What is the highest level of education you have completed?

o
o
o
o
o
o
o
o

Less than high school
High school diploma or GED
Some college
2 year degree
4 year degree
Professional degree
Masters Degree
Doctorate

Approximately how long have you worked in your current position?

o
o
o
o
o
o

0-5 years
6-10 years
11-15 years
16-20 years
21-25 years
26+
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Approximately how long have you worked for the BPL?

o
o
o
o
o
o

0-5 years
6-10 years
11-15 years
16-20 years
21-25 years
26+

What most closely describes your position within the Maine BPL?

▢ Educator
▢ Director
▢ Forester
▢ Land Manager
▢ Land Use Planner
▢ Operations
▢ Outdoor Recreation Planner
▢ Recreational Vehicle Programs
▢ Other: (Please Specify) __________________________
If you have additional insights about the challenges and/or needs for preparing for the
effects of climate change within the Maine BPL not covered in this questionnaire, we would
greatly appreciate any additional feedback.
__________________________________________________________________________
__________________________________________________________________________
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APPENDIX B: GATEKEEPER EMAIL RECRUITMENT SCRIPT FOR SURVEY
You are invited to participate in a research project conducted by Valeria Briones, a master’s
student in the School of Forest Resources at the University of Maine, and Dr. Sandra De UriosteStone, an associate professor at the University of Maine. The purpose of this study is to gain a
better understanding of state park manager perceptions of the impacts of climate change on
seasonality, visitation trends and natural resources conditions within Maine’s State Parks. You
must be 18 years of age or older to participate.
We would greatly appreciate it if you would be willing to share your views. The anonymous
questionnaire should only take about 15 minutes to complete. To learn more about this study
and to take the questionnaire, please go to the link below:
https://umaine.qualtrics.com/jfe/form/SV_026u5Pm54nqwQVE
You have until May 7th to complete this questionnaire. Your opinions are very important to us.
We look forward to your responses.
Your help is very much appreciated.
Respectfully,
Gatekeeper Contact
If you have questions regarding this study, please feel free to contact:
Valeria Briones
M.S. Student
valeria.briones@maine.edu
Tel (860) 806-5155
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APPENDIX C: SURVEY EMAIL REMINDER
Recently, we sent you an invitation to participate in a to gain a better understanding of state park
manager views of climate change impacts on seasonality, visitation trends, and natural resource
conditions within Maine’s State Parks. The study is being conducted by University of Maine M.S
student Valeria Briones, and associate professor Dr. Sandra De Urioste-Stone. If you have
already responded to the survey thank you for doing so if not, we hope you will take this
opportunity to respond to our online questionnaire so that we may gain a better understanding of
your views on climate change and how this impacts visitation, management decisions and natural
resources within Maine State Parks. Your participation is voluntary, and your responses are
confidential.
Your opinions are essential and important to us. Please enter the link below into your search
browser to complete the online questionnaire, which will take approximately 15 minutes to
complete. We look forward to hearing from you.
https://umaine.qualtrics.com/jfe/form/SV_026u5Pm54nqwQVE
You have until May 7th to complete this questionnaire. Your opinions are very important to us.
Thank you in advance for your valued participation.
If you have questions regarding this study, please feel free to contact me at
valeria.briones@maine.edu, I would be happy to provide more information.
Respectfully,
Gatekeeper Contact

If you have questions regarding this study, please feel free to contact:
Valeria Briones
M.S. Student
valeria.briones@maine.edu
Tel (860) 806-5155
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APPENDIX D: INFORMED CONSENT-SURVEY
Dear Participant,
You are invited to participate in a research project conducted by Valeria Briones, a master’s
student in the School of Forest Resources at the University of Maine, and Dr. Sandra De Urioste
Stone, an associate professor at the University of Maine. The purpose of this study is to gain a
better understanding of state park manager views of climate change impacts on seasonality,
visitation trends, and natural resource conditions within Maine’s State Parks. Your participation
will be incredibly valuable to this study. You must be at least 18 years of age to participate.
What will you be asked to do?
If you decide to participate, you will be asked to fill out the following online anonymous
questionnaire, which will take approximately 15 minutes to complete.
Sample questions:
1. How important is climate change within your current work?
2. In your position do you currently account for projected future changes in seasonality
(e.g., longer summer season, shorter winter season)?
Voluntary
Participation in this questionnaire is voluntary. You may stop or skip questions at any time.
Submission of the questionnaire implies consent to participate.
Risks
Except for your time and inconvenience, there are no risks to you from participating in this
study.
Benefits
While individuals participating in this questionnaire will not gain any direct benefit, the overall
benefit of the research includes:
●
Identified manager perceptions of changing climatic conditions related to changes in
seasonality in Maine State Parks, and how these changes may impact visitation and
natural resources.
●
Increased understanding of perceptions of how changes in climate impacts visitation,
natural resources, and management practices in Maine state parks.
● Improved understanding of resource management needs for future climate change
adaptation planning.
Confidentiality
Your responses for this questionnaire will be anonymous. Please do not reveal your identity
anywhere on the questionnaire. The data will be secured and stored in an electronic database. All
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survey data will be kept indefinitely on a password protected computer, only accessible by the
investigators. IP addresses will not be collected.
Contact Information
If you have any questions about this study, please contact Valeria Briones at (860) 806-5155, or
email valeria.briones@maine.edu. You may also contact the faculty advisor on this study, Dr
Sandra De Urioste-Stone at sandra.de@maine.edu. If you have any questions about your rights
as a research participant, please contact the Office of Research Compliance, University of Maine,
(207) 581-1498, or email umric@maine.edu.
Thank you for taking the time to complete this questionnaire!
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APPENDIX E: IRB APPROVAL
Application Narrative:
1.Funding:
This project is funded by the National Science Foundation under Grant No. 1828466.
2.Summary:
Over the past 25 years the annual average temperature in Maine has increased by nearly
2 °C and is predicted to continue increasing if carbon emissions continue to increase (Jacobson
et al., 2009; World of Change, 2010). With increasing temperatures, Maine is experiencing a
rise in the amount of annual precipitation as rainfall in the spring and winter months
(Huntington & Billmire, 2014; Melillo et al., 2014). For northern latitudes, studies indicate that
warming has led to an increased length of the vegetative growing season as well as an earlier
occurring spring (Badeck et al., 2004; Elmore et al., 2012; Linderholm, 2006). Changes due to
this warming have had profound effects on the social and ecological systems of the
northeastern forest region of the U.S. These impacts are observable as changes in the seasonal
timing of biophysical processes in addition to changes in seasonality (e.g., longer hotter
summers, shorter wetter winters) (Contosta et al., 2019; Elmore et al., 2012). Changes in
the phenological events of forests due to changes in climate can also influence how and when
visitors recreate in these landscapes (Wang et al., 2017; Tao et al., 2015). Outdoor recreation
activities are highly dependent on changes in climate and weather; climate plays an important
role in influencing a tourist’s destination selection, overall experience during their visit, and
types and timing of when activities are pursued (De Urioste-Stone et al., 2015; Scott et al.,
2009). With continuous growth in the number of people recreating in protected areas, such as
Maine’s State Parks, seeking diverse recreational experiences brings increased environmental,
economic, and social implications (Leung and Marion 2000). As visitation to public land areas
increases and recreation opportunities diversify throughout seasons, it becomes the
responsibility of natural resource managers to adapt to these changes using a scientific
approach to sustainably manage and better inform their resource management decisions
while considering future changes in climate (R. E. Manning & Powers, 1984).
The objective of this study is to understand Maine State Park resource manager
perceptions of (1) changes in visitation resulting from shifting seasonal patterns, and (2)
seasonality shifts that may impact the natural resource base (3) in addition to how resource
management and visitation have been impacted by the COVID-19 pandemic. We are interested
in gaining a better understanding of the extent to which park managers have experienced
changes in visitation, seasonality and visitation directly linked to changes in weather patterns
over the past five years, and what management approaches they are currently implementing to
account for expected future changes in climate. This study will provide insights on how
resource managers of protected areas understand the link between changes in climate and
seasonality and the impacts on natural resources and visitation. The study will also seek to
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identify potential adaptation strategies that can be adopted by managers to better prepare and
plan for future changes in climate.
Methods:
An online anonymous questionnaire (15 minutes) will be used to better understand the
perceptions of changes in seasonality due to climate change on natural and human systems
within Maine state parks. The target population will be personnel from the Maine Bureau of
Parks and Lands, including managers and planners within outdoor recreation, forestry, and
conservation sub-departments. The questionnaire will be created and administered using
Qualtrics and will be pre-tested prior to implementation to reduce measurement error and
participant exhaustion. The questionnaire will be administered during March-April 2021. Data
will be downloaded and saved in a password protected computer, located within the office of the
principal investigator. In order to increase response rate, we will be sending up to two email
reminders.
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2. Personnel:
PI: Valeria Briones, Graduate Student
Ms. Briones is an M.S student in the School of Forest Resources. She graduated from
Dominican University of California, where she focused her research on restoration ecology. She
has approximately 4 months of experience in human subjects research. She has completed the
UMaine IRB’s human subjects training.
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Sponsor: Dr. Sandra De Urioste-Stone, Associate Professor of Nature-based Tourism, School of
Forest Resources, University of Maine, Orono, Maine, USA. Dr. De Urioste-Stone is an applied
social scientist who has conducted over 20 projects involving human subjects. She has extensive
experience conducting social science research and participating in interdisciplinary research
projects both within the U.S and internationally. Dr. De Urioste-Stone has completed the
UMaine IRB’s human subjects training.
3. Participant Recruitment:
All participants will be adults over the age of 18 of undiminished autonomy, able to make a
voluntary decision whether to participate or not. The population targeted in this study includes
staff, within the resource management division, at the Maine Bureau of Parks and Lands. We
plan to send invitations to a sample of up to 50 potential participants and expect a 50-60%
response rate. Questionnaire participants will be identified via a gatekeeper within the Maine
Bureau of Parks and Lands. Participants will be recruited by an emailed recruitment letter
(Appendix A) inviting them to complete the online questionnaire (Appendix D) to be sent by
the gatekeeper. To increase the response rate, the gatekeeper will send one follow up reminder 7
days after the questionnaire is distributed (Appendix C) via email.
4.Informed Consent:
This questionnaire is completely voluntary. The respondent can begin and end the questionnaire
at any point of their choosing. Participants are able to skip or omit any questions they do not
wish to respond. A consent form will be included at the beginning of the online questionnaire
(Appendix B). Participation in the online questionnaire indicates consent.
5.Confidentiality:
The questionnaire will be anonymous. The following precautions will be addressed to ensure
privacy of participants.
● Online questionnaire data will be collected using Qualtrics; no IP addresses will be
collected. Data will be downloaded off Qualtrics to the principal investigator’s computer and
deleted from Qualtrics one year after the end of the project (May 2022).
● Respondents will NOT be asked to detail any personal or health-related
information.
● Raw data collected via the questionnaire will only be accessed by the PI and
faculty sponsor.
● Responses to the questionnaire will be kept in a password protected computer
indefinitely.
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6.Risks to participants:
This questionnaire entails minimal risk or harm to participants. The potential risks to
participants may include time investment and inconvenience in answering some of the
questions. Participants will be instructed that they do not have to answer any question they do
not want to answer.
7. Benefits
This questionnaire will offer no direct benefit to the participants. The information collected
from this questionnaire will potentially lead to a better understanding of state park staff’s risk
perceptions of climate change impacts on seasonality and the implications for visitation and
natural resources across Maine State Parks. Data could inform Maine State Park natural
resource and visitation management efforts.
8. Compensation
There will be no compensation offered for participation in this questionnaire.
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